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TOMATO (Solanum lycopersicum ‘Peto 696’) S.A. Miller, A. Vargas, and J. Amrhein 
 Bacterial spot; Xanthomonas gardneri                                                                   The Ohio State University, OARDC 
  Wooster, OH 44691 
 
Evaluation of biological and chemical products for the control of bacterial spot of processing tomatoes, 2019. 
 
The experiment was conducted at The Ohio State University’s Snyder Farm in Wooster, OH on Wooster Riddles silt loam. The 
herbicide Roundup PowerMAX (50 oz/A) was applied on 22 Apr. The test field was plowed on 8 May and disked on 21 May. On 29 May 
the fertilizer 19-19-19 (N-P-K) at 300 lb/A was broadcast and then incorporated on 30 May. Tomato ‘Peto 696’ seeds were hot water 

treated (10 min pre-soak at 100F, soak for 25 min at 122F) and sown on 12 Apr into 288-cell plug trays containing Baccto 
Professional Growers Mix. On 30 May, Dual II Magnum (1.33 pt/A) and Sencor 75DF (0.66 lb/A) were applied and incorporated into the 
test field for weed control. Tomato seedlings were transplanted on 31 May. Starter fertilizer solution (N-P-K 12-48-8; 2 lb/50 gal water) 
was applied at transplanting. Plots were arranged in a randomized complete block design with four replications. Each plot consisted of 
one row of 25 plants spaced 1 ft apart with 5 ft between rows. Treated rows were alternated with non-treated border rows. Foliar 
treatments were applied using a tractor-mounted CO2-pressurized sprayer (40 psi, 52.5 gal/A, 2.5 mph) beginning 28 Jun and ending 
23 Aug for a total of ten applications. Plants were inoculated with approximately 108 CFU/ml of moderately copper resistant X. gardneri 
strains SM1827-17 and SM 1818-17 (resistant to 100 ug/ml copper sulfate) using a CO2-pressurized backpack sprayer on 5 Jul. Plants 
were overhead irrigated with water on 5 and 12 Jul, and 2 Aug with 0.5, 2.0, and 2.0 in., respectively.  In order to control Botrytis and 
Colorado potato beetle, Endura (9 oz/A) and Mustang Maxx (3 oz/A) were applied on 4 Jun while the insecticides Entrust SC (8 fl oz/A), 
Coragen (5 fl oz/A) and Baythroid XL (2 oz/A) were applied on 14 Jun, 21 Jun and 11 Jul, respectively. The severity of bacterial spot in 
each treatment row (all plants) was evaluated on 15, 22, and 29 Jul and 5, 12, 19, and 26 Aug using a scale of 0-100% foliage affected. 
Fruits were harvested from five plants in the center of each treatment row on 30 Aug; weights of healthy fruit and fruit with bacterial 
spot, anthracnose, blossom end rot, and minor fungal fruit rots were measured. Average maximum temperatures for Jun, Jul and Aug 
were 77.5, 85.0, and 80.3°F; average minimum temperatures were 57.4, 64.3, and 60.0°F; and rainfall amounts were 6.9, 7.9, and 4.8 

in., respectively. Arcsine transformation (arcsine [√(X/100)]) was performed on severity ratings. Analysis of variance was performed 

using the GLIMMIX procedure, means and transformed means were separated by Fisher’s least significant difference test with SAS 
software.   

Bacterial spot pressure was low in this trial; the final disease severity rating was 17.5% in the nontreated control.  Intense rainfall events 
resulting in some flooding contributed to variability in the trial. While bacterial spot foliar disease severity ratings were numerically lower 
in treated plots than the non-treated control, differences were not significant.  There were no significant differences between treated 
plots and the nontreated control in AUDPC, percentage of ripe or green fruit with bacterial spot, total yield, or percentage healthy fruit. 
Incidence of anthracnose (<1.5%), blossom end rot (<1.0%) or “other” rots (<7%) on fruit was low and there were no significant 
differences between treated and nontreated plots for any of these parameters (data not shown).  
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Treatment, rate (application timing)z 

Bacterial spot % ripe 
fruit with 
bacterial 

spot 

% unripe fruit 
with bacterial 

spot 

Total yield 
t/A 

% healthy 
fruitw % (26 Aug)y AUDPCyx 

Kocide 3000-O, 1.75 lb/A (3-10) 
 9.3 229.3 19.9 25.3 29.7 54.4 

Manzate Pro-Stick, 3 lb/A (3-10) 

AgriPhage, 2 pt/A (3-10) 12.0 254.6 24.6 10.5 22.4 59.9 

ManKocide, 2 lb/A (3-10) 12.5 268.6 31.2 20.2 28.0 42.2 

LifeGard, 4.5 oz/100 gal (2,4,6,8,10) 

11.3 221.4 34.1 10.3 26.9 46.8 Kocide 3000-O, 1.75 lb/A (3,5,7,9) 

Manzate Pro-Stick, 3 lb/A (3,5,7,9) 

LifeGard, 4.5 oz/100 gal (2,3,5,7,9) 

11.5 282.6 38.6 18.2 26.3 39.5 Kocide 3000-O, 1.75 lb/A (2-10) 

Manzate Pro-Stick, 3 lb/A (2-10) 

Serenade ASO, 32 fl oz/A (2-9) 
13.3 278.3 30.4 10.5 23.0 46.4 

Activator 90, 0.125% v/v (2-9) 

Actigard 50 WG, 0.5 oz/A (1,3,5,7,9) 

 9.0 193.4 23.8 14.5 21.4 55.7 Serenade ASO, 32 fl oz/A (2-8) 

Activator 90, 0.125% v/v (1,2,3,4,5,6,7,8,9) 

Vacciplant, 14 fl oz/A (1,3-10) 
11.8 233.6 18.7 15.4 26.8 58.1 

Activator 90, 0.125% v/v (1,3-10) 

Vacciplant, 14 fl oz/A (1,3,4-10) 

11.8 274.8 21.6 19.0 26.7 53.2 
Manzate Pro-Stick, 1.5 lb/A (1,3) 

Oranil 6L, 1.5 pt/A (4-10) 

Activator 90, 0.125% v/v (1,3,4-10) 

Non-treated 17.3 400.8 40.8 9.9 23.8 42.6 

P value 0.6324 0.1883 0.1178 0.1365 0.8488 0.2542 

z Application dates: 1= 28 Jun; 2= 1 Jul; 3= 5 Jul; 4= 12 Jul; 5= 19 Jul; 6= 26 Jul; 7= 2 Aug; 8= 9 Aug; 9= 16 Aug; 10= 23 Aug. 
y Bacterial spot disease ratings and area under disease progress curve (AUDPC) values were based on the percent foliar disease. 
x AUDPC was calculated according to the formula: ∑ [(xi + xi –1)/2)] × (ti – ti–1) where xi is the rating at each evaluation time and (ti – ti–1) 
is the time between evaluations. 
w Based on healthy ripe and unripe fruit. 
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TOMATO (Solanum lycopersicum ‘Peto 696’) S. A. Miller, A. Vargas, F. Rotondo, J. Amrhein 
 Bacterial leaf spot; Xanthomonas gardneri                                            The Ohio State University, OARDC 
  Wooster, OH 44691 
 
Evaluation of biorational products for the control of bacterial spot of processing tomatoes, 2019. 
 
The experiment was conducted at The Ohio State University’s Snyder Farm in Wooster, OH on Wooster Riddles silt loam. The 
herbicide Roundup PowerMAX (50 oz/A) was applied on 22 Apr. The test field was plowed on 8 May and disked on 21 May. On 29 
May, the fertilizer 19-19-19 (N-P-K) at 300 lb/A was broadcast and then incorporated on 30 May. Tomato ‘Peto 696’ seeds were hot 

water treated (10 min pre-soak at 100F, soak for 25 min at 122F) and sown on 12 Apr into 288-cell plug trays containing Baccto 
Professional Growers Mix. On 30 May, Dual II Magnum (1.33 pt/A) and Sencor 75DF (0.66 lb/A) were applied and incorporated into the 
test field for weed control. Tomato seedlings were transplanted on 31 May. Starter fertilizer solution (N-P-K 12-48-8; 2 lb/50 gal water) 
was applied at transplanting. Plots were laid out in a randomized complete block design with four replications. Each plot consisted of 
one row of 25 plants spaced 1 ft apart with 5 ft between rows. Treated rows were alternated with non-treated border rows. Foliar 
treatments were applied using a tractor-mounted CO2-pressurized sprayer (40 psi, 52.5gal/A, 2.5 mph) beginning on 25 Jun and ending 
on 22 Aug for a total of nine applications. Plants were inoculated with approximately 108 CFU/ml of X. gardneri strain SM1827-17 and 
SM1818-17 (both moderately copper resistant) using a CO2-pressurized backpack sprayer on 2 Jul. Plants were overhead irrigated with 
water on 2 and 12 Jul, and 2 Aug with 0.5, 3.0, and 2 in., respectively. In order to control Botrytis and Colorado potato beetle, Endura (9 
oz/A) and Mustang Maxx (3 oz/A) were applied on 4 Jun while the insecticides Entrust SC (8 fl oz/A), Coragen (5 fl oz/A) and Baythroid 
XL (2 oz/A) were applied on 14 Jun, 21 Jun and 11 Jul, respectively. The severity of foliar bacterial spot in each treated row (all plants) 
was evaluated on 15, 22, and 29 Jul and 5, 12, 19, and 26 Aug using a scale of 0-100% foliage affected. Fruits were harvested from 
five plants in the center of each treatment row on 3 Sep; weights of healthy fruit and fruit with bacterial spot, anthracnose, blossom end 
rot, and minor fungal fruit rots were measured. Average maximum temperatures for Jun, Jul, Aug and 1-3 Sep were 77.5, 85.0, 80.3, 
and 79.0°F; average minimum temperatures were 57.4, 64.3, 60.0, and 58.1°F; and rainfall amounts were 6.9, 7.9, 4.8 and 0.1 in., 

respectively. Arcsine transformation (arcsine [√(X/100)]) was performed on severity rating. Analysis of variance was performed using 

the GLIMMIX procedure, means and transformed means were separated by Fisher’s least significant difference test with SAS software.   
 
Due to flooding in the test field, one block was lost and the means of three replicates are presented.  Despite rainy conditions, bacterial 
spot development on foliage was low, reaching a disease severity of 11% in the non-treated control on 26 Aug. There were no 
significant differences between treated and non-treated plots in foliar bacterial spot severity on 26 Aug. However, season-long disease 
severity progress as measured by the Area Under the Disease Progress Curve (AUDPC) was significantly lower for all treated plants 
than the non-treated control, with the exception of plants treated with Cueva alone. Plants treated with Actigard 50 WG alone or in 
combination with Serifel 10 WP or Cueva, or Regalia alone or in combination with Serifel 10 WP exhibited lower AUDPC values than 
plants treated with Cueva, Brandt Organics Aleo, or Regalia + Cueva. None of the treated plants had significantly lower percentages of 
ripe fruit with bacterial spot lesions.  However, a significantly higher percentage of fruits with bacterial spot were harvested from plots 
treated with Cueva than from plots treated with any of the other products, except Serifel 10 WP or Regalia + Cueva. Actigard and 
Regalia are both “plant activators” that induce resistance in plants to a broad range of pathogens, which could explain the differences 
observed. There were no significant differences among treated and non-treated plants in total or marketable yield, or in the percentage 
of healthy fruit.  The incidence of anthracnose, blossom end rot and other rots was low and there were no significant differences among 
treated and non-treated plants (data not shown). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
The Ohio State University College of Food, Agricultural and Environment Sciences 

   

6 

  

 
 
 

Treatment, rate (application timing)z 

Foliar bacterial  
spot severity 

Ripe fruit 
with 

bacterial 
spot 

Unripe fruit 
with 

bacterial 
spot 

Total 
yield 

Healthy 
fruitv 

% (26 Aug)yx AUDPCyxw (%) (%) (t/A) (%) 

Serifel 10 WP, 16 oz/A (1-9) 8.0 165.7 bcde 26.5 ab 12.3 17.8 45.7 

Cueva, 2 gal/A (1-9) 9.7 205.3 ab 33.5 a 11.8 11.0 39.2 

Brandt Organics Aleo, 0.23 fl oz/gal (1-9) 
7.3 171.5 bcd 13.1 b 25.2 13.3 52.0 

Activator 90, 4 pt/100 gal (1-9) 

Regalia, 1 gal/A (1-9) 5.3 124.8 ed 12.1 b 23.5 12.0 56.2 

Actigard 50 WG, 0.75 oz/A (1-9) 7.3 96.8 e 14.3 b 20.5 10.5 58.0 

Actigard 50 WG, 0.75 oz/A (1-9) 

5.7 128.3 cde 12.9 b 11.6 15.7 60.1 Brandt Organics Aleo, 0.23 fl oz/gal (1-9) 

Activator 90, 4 pt/100 gal (1-9) 

Actigard 50 WG, 0.75 oz/A (1-9) 
7.7 123.7 ed 12.6 b 23.8 8.9 46.9 

Serifel 10 WP, 16 oz/A (1-9) 

Actigard 50 WG, 0.75 oz/A (1-9) 
7.0 117.8 ed 17.9 b 15.0 15.6 54.7 

Cueva, 2 gal/A (1-9)   

Regalia, 1 gal/A (1-9) 
6.7 116.7 ed 15.9 b 20.7 12.6 57.7 

Serifel 10 WP, 16 oz/A (1-9) 

Regalia, 1 gal/A (1-9) 
9.3 198.3 bc 20.3 ab 28.3 13.8 37.4 

Cueva, 2 gal/A (1-9)   

Regalia, 1 gal/A (1-9) 

6.0 136.5 bcde 18.8 b 19.4 14.4 53.9 Brandt Organics Aleo, 0.23 fl oz/gal (1-9) 

Activator 90, 4 pt/100 gal (1-9) 

Non-treated 11.0 270.7 a 25.6 ab 15.0 15.6 52.1 

P value 0.2068 0.0021 0.100 0.7128 0.9746 0.3174 
zApplication dates: 1= 25 Jun; 2= 2 Jul; 3= 9 Jul; 4= 16 Jul; 5= 23 Jul; 6= 1 Aug; 7= 8 Aug; 8= 15 Aug; 9= 22 Aug.    
yBacterial leaf spot diseases ratings and area under disease progress curve (AUDPC) values were based on the percent foliar disease. 
xMeans followed by the same letter within a column are not significantly different at the indicated P value. Means were   separated 
using Fisher's least significant difference test on angular transformed data. Back-transformed means are shown for severity ratings.  
wAUDPC was calculated according to the formula: ∑ [((xi + xi –1)/2)] × (ti – ti–1) where xi is the rating at each evaluation time and (ti – ti–1) 
is the time between evaluations.       
vBased on healthy ripe and unripe fruit. 
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PEPPER (Capsicum annuum) S.A. Miller, A. Vargas, and J. Amrhein 
 Bacterial canker; Clavibacter michiganensis subsp. michiganensis The Ohio State University, OARDC  
                                                                                                                                   Wooster, OH 44691                                                                                          
 
Evaluation of resistance of pepper cultivars to bacterial canker, 2019. 
 
The experiment was conducted at The Ohio State University’s Horticulture Research Unit 2 in Wooster, OH on Canfield silt loam. On 12 
Apr, seeds of all varieties were treated by agitating them in a 20% Clorox (1.1% sodium hypochlorite) solution for 1 min, followed by a 5 
min rinse in running tap water and air-drying. Seeds were sown on 15 Apr into 200-cell plug trays containing Baccto Professional 
Growers Mix. The test field was disked on 20 May and the fertilizer 19-19-19 (N-P-K) at 300 lb/A was broadcast and incorporated into 
the soil on 22 May. On 4 Jun, Stealth (2 pt/A) was applied and incorporated into the test field for weed control. The pepper seedlings 
were transplanted on 5 Jun. Starter fertilizer solution (N-P-K 12-48-8; 2 lb/50 gal water) was applied at transplanting. Plots were 
arranged in a randomized complete block design with four replications. Each plot consisted of one row of 25 plants spaced 1 ft apart 
with 5 ft between rows. On 1 Jun pepper seedlings were inoculated in a greenhouse with approximately 108

 CFU/ml Clavibacter 
michiganensis subsp. michiganensis strains C290 and A226 using a handheld sprayer. Pepper plants were inoculated a second time 
on 21 Jul using a CO2-pressurized backpack sprayer. The field was hand weeded and hoed on 9 and 25 Jul. In order to control aphids, 
the insecticides BeLeaf 50 SG (3 oz/A; 19 Jul and 22 Aug) and Movento (5 fl oz/A; 9 Aug) were applied. The fungicides Bravo Weather 
Stik (2 pt/A; 22 Aug and 5 Sep) and Quadris (5 fl oz/A; 29 Aug) were applied to prevent anthracnose. Foliar bacterial canker severity 
was evaluated on 20 and 27 Jun, 3, 10, 18, 25, and 30 Jul, 5, 13, 20, and 28 Aug, 4, 13, 23, and 30 Sep, and 8 Oct; severity was based 
on a scale of 0-100% foliage affected. Pepper fruits were harvested from all plants in each row on 19 and 26 Aug, and 12 Sep. The 
number of healthy fruits and fruits with canker lesions or minor fungal fruit rots, sun scald, or insect damage was recorded. Average 
maximum temperatures for 5-30 Jun, Jul, Aug, Sep, and 1-8 Oct were 78.4, 85.0, 80.3, 80.0, and 73.8°F; average minimum 
temperatures were 58.7, 64.3, 60.0, 56.4, and 52.2°F; and rainfall amounts were 6.4, 7.9, 4.8, 2.3, and 0.6 in., respectively. Arcsine 

transformation (arcsine [√(X/100)]) was performed on severity ratings, fruit with canker and culls. Analysis of variance was performed 

using the GLIMMIX procedure, transformed means were separated by Fisher’s least significant difference test with SAS software.   
 
Bacterial canker disease severity was moderate through mid-summer in this trial, but warm, relatively dry weather in August and 
September led to substantial plant growth, low disease spread and reduced disease severity in all varieties.  All of the pepper varieties 
developed foliar and fruit symptoms, but no plants exhibited wilting symptoms. There were no significant differences in foliar disease 
severity among pepper types (bell, jalapeño or banana) on 30 Jul, however foliar disease severity at the end of the season (8 Oct) and 
season-long foliar disease severity as measured by the area under the disease progress curve (AUDPC) were significantly lower in 
banana peppers than in bells or jalapeños. Jalapeño and banana peppers had significantly lower incidences of fruit canker and culls 
than bell peppers.  Among the bell pepper varieties, the foliar AUDPC was lowest for ‘Autry’, ‘Playmaker’, ‘Prodigy F1’ and ‘Karisma’.  
The percentage of bell pepper fruits with canker symptoms ranged from 15.8 – 36.8% and was highest (> 30%) for ‘Karisma’, ‘Mercer’, 
‘Turnpike’, Skyhawk’, ‘SPP2622-S10’ and ‘Samurai’. The percentage marketable bell peppers ranged 50.7 – 71.4% and was highest 
among varieties with relatively low incidence of canker on fruit and/or low percentage of culls. Among the jalapeño pepper varieties, the 
foliar AUDPC was significantly lower for ‘Compadre’, ‘PS11435810’, ‘Tzotzil’, ‘Everman’ and ‘Cuatrero’ than for the most susceptible 
varieties ‘Dante’ and ‘Cuatrero’.  The percentage of jalapeño pepper fruits with canker symptoms ranged from 9.8 – 20.3% and was 
highest for ‘Dante’ (19.4%) and ’SV3198HJ’ (20.3%). The percentage marketable jalapeño peppers ranged 73.2 – 85.6%. Among the 
banana pepper varieties, the foliar AUDPC was significantly lower for ‘Fury’ than for ‘Pageant Banana’. The percentage of banana 
pepper fruits with canker symptoms ranged from 9.2 – 16.6% and there were no significant differences between varieties. The 
percentage marketable banana peppers did not vary significantly among varieties (range 75.5 – 83.1%). 
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Variety* Type Foliar bacterial canker % Fruits with 
cankerx 

% 
Marketablex  

% Cullsxw  

% (30-Jul)z % (8-Oct)z AUDPC zy 

Ninja Bell 23.8 a-f 3.0 abc 913.9 ab 27.7 a-e 59.8 j-m 12.5 a-g 

SPP2628-S10 Bell 27.0 a-d 2.5 b-e 903.8 ab 29.1 a-d 53.7 lm 17.2 ab 

Samurai Bell 28.8 ab 3.3 ab 888.3 abc 34.0 ab 56.3 klm 9.7 a-j 

Provider F1 Bell 20.0 c-f 3.3 ab 880.8 abc 24.7 c-f 65.6 h-k 9.8 a-j 

Currier F1 Bell 27.5 abc 2.5 b-e 867.1 abc 22.7 c-g 68.3 f-j 8.9 b-j 

SPP2622-S10 Bell 23.8 a-f 2.0 c-g 862.5 abc 31.0 abc 56.1 klm 12.9 a-e 

Skyhawk Bell 30.0 a 2.0 c-g 862.4 abc 30.7 abc 56.4 klm 12.9 a-d 

Triology F1 Bell 25.0 a-f 1.5 fgh 841.5 a-d 21.1 d-g 62.3 i-l 16.6 abc 

Paladin Bell 22.5 a-f 2.0 c-g 840.1 a-d 25.7 b-f 62.2 i-l 12.1 a-h 

Placepack F1 Bell 25.0 a-f 3.0 abc 835.8 a-e 18.7 f-j 61.6 i-l 19.7 a 

Mercer Bell 23.8 a-f 2.0 c-g 817.8 a-f 36.7 a 53.0 lm 10.4 b-j 

Turnpike Bell 24.8 a-f 1.8 d-h 767.4 b-g 35.7 a 50.7 m 13.6 a-g 

SVPB7331 Bell 21.3 b-f 2.8 a-d 756.4 b-h 19.2 f-j 69.8 fj 11.1 a-i 

Aristotle Bell 18.8 def 2.3 b-f 730.3 c-i 15.8 g-k 71.4 e-i 12.8 a-e 

Autry Bell 21.8 a-f 2.0 d-g 683.1 d-k 28.5 a-e 52.7 lm 18.8 ab 

Playmaker Bell 18.3 ef 2.8 b-e 678.5 d-k 20.8 d-h 71.2 e-i 8.0 c-k 

Prodigy F1 Bell 18.0 ef 1.8 d-h 669.9 e-k 19.9 e-j 66.7 g-j 13.4 a-h 

Karisma Bell 18.8 def 1.8 e-h 664.6 f-k 36.8 a 50.7 m 12.5 a-e 

Dante Jalapeño 27.5 abc 4.0 a 967.6 a 19.4 e-j 75.2 c-g 5.4 g-k 

Orizaba Jalapeño 25.0 a-f 3.3 ab 862.5 abc 12.5 jkl 84.1 ab 3.4 jk 

SV3198HJ Jalapeño 23.8 a-f 3.0 abc 814.0 a-f 20.3 e-i 73.2 d-h 6.5 d-k 

Teniente Jalapeño 25.0 a-f 2.3 b-f 782.0 b-g 16.3 g-k 77.1 b-f 6.6 d-k 

Cuatrero Jalapeño 17.5 f 3.3 ab 692.6 d-k 15.4 g-l 80.9 a-d 3.7 ijk 

Everman Jalapeño 23.0 a-f 2.5 b-f 690.3 d-k 12.4 jkl 85.6 a 2.0 k 

Tzotzil Jalapeño 18.8 def 2.5 b-e 661 f-k 9.8 kl 83.8 abc 6.4 c-k 

PS11435810 Jalapeño 20.8 b-f 2.5 b-e 625.9 g-l 13.1 i-l 80.7 a-d 6.3 d-k 

Compadre Jalapeño 26.3 a-e 1.0 h 591.6 h-l 11.2 kl 83.8 ab 4.9 e-k 

Pageant Banana Banana 28.8 ab 1.0 h 720.9 c-j 13.2 h-l 83.0 abc 3.9 ijk 

SVPB7140 Banana 23.8 a-f 1.3 gh 617.9 g-l 12.4 jkl 83.1 abc 4.5 f-k 

Lola Banana 28.8 ab 1.0 h 584.8 i-l 12.5 jkl 75.5 c-g 11.9 a-f 

SVPP8114 Banana 17.0 f 1.5 fgh 553.4 jkl 16.6 g-k 79.3 a-e 4.1 h-k 

SV3782PP Banana 21.5 b-f 1.3 gh 548.6 kl 13.3 i-l 79.6 a-e 7.0 c-k 

Fury Banana 17.5 f 1.3 gh 488.5 l 9.2 l 81.8 a-d 9.0 b-j 

P value 0.0355 <0.0001 <0.0001 <0.0001 <0.0001 0.0006 

z Bacterial canker diseases ratings and area under disease progress curve (AUDPC) values were based on the percent foliar disease. 
y AUDPC was calculated according to the formula: ∑ [((xi + xi –1)/2)] × (ti – ti–1) where xi is the rating at each evaluation time and (ti – ti–1) 
is the time between evaluations. 
x Based on number of fruits per plot. 
*See Table 1, p. 11 for sources of varieties. 
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Pepper type Bacterial canker % Fruit with 
cankerx 

% Marketablex % Cullsx 

% (30 Jul)z % (8 Oct)z  AUDPCzy 

Bell 23.3 2.3 a 803.6 a 26.6 a 60.5 b 13.0 a 

Jalapeño 23.1 2.7 a 743.1 a 14.4 b 80.5 a   6.7 b 

Banana 22.8 1.2 b 585.7 b 12.9 b 80.4 a   5.0 b 

P value 0.96 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

z Bacterial canker diseases ratings and area under disease progress curve (AUDPC) values were based on the percent foliar disease. 
y AUDPC was calculated according to the formula: ∑ [((xi + xi –1)/2)] × (ti – ti–1) where xi is the rating at each evaluation time and (ti – ti–1) 
is the time between evaluations. 
x Values are based on number of fruits. 
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PEPPER (Capsicum annuum)  S.A. Miller, A. Vargas, J. Amrhein 
Pseudomonas leaf spot; Pseudomonas syringae pv. syringae             The Ohio State University, OARDC 

                                                                                                               Wooster, OH 44691 
 
 
Evaluation of resistance of pepper cultivars to Pseudomonas leaf spot, 2019. 
 
The experiment was conducted at The Ohio State University’s North Central Agricultural Research Station in Fremont, OH on Rimer 
loamy fine sand. On 12 Apr, seeds of all varieties were treated by agitating them in a 20% Clorox (1.1% sodium hypochlorite) solution 
for 1 min, followed by a 5 min rinse in running tap water and then air-dried. Seeds were sown on 15 Apr into 200-cell plug trays 
containing Baccto Professional Growers Mix. The fertilizers 46-0-0 (N-P-K) at 250 lb/A, 10-52-0 (N-P-K) at 100 lb/A, 0-0-60 (N-P-K) at 
500 lb/A, and 20% granular boron at 7 lb/A were broadcast on 15 May. On 16 May, the test field was disk chiseled, tilled, worked with a 
seedbed finisher, and disked again. On 17 May, beds were prepared on 5 ft centers. Pepper seedlings were transplanted on 7 Jun. 
Starter fertilizer solution (N-P-K 10-34-0; 0.7 qt/50 gal water) was applied at transplanting. The experiment was laid out in a randomized 
complete block design with four replications. Each plot consisted of one row of 25 plants spaced 1 ft apart. Plants were inoculated with 
approximately 108 CFU/ml Pseudomonas syringae pv. syringae strains SM968-13, SM971-13, SM972-13, and SM973-13 on 4 Jun 
using a handheld spray bottle. Insecticides were applied as needed and included Warrior II with Zeon Technology (1.92 fl oz/A; 27 Jun), 
Mustang Maxx (4 fl oz/A; 2 and 19 Jul, 9 and 25 Aug, and 26 Sep), Exirel (13.5 fl oz/A; 11 Jul and 11 Sep),  Radiant SC (5 fl oz/A; 19 
Jul and 5 Sep at 10 fl oz/A), Avaunt (3.5 oz/A; 25 Jul and 19 Sep), Asana XL (9.6 fl oz/A; 1 and 15 Aug), Coragen (5 fl oz/A; 30 Aug and 
9 Oct), Beleaf 50 SG (2.8 oz/A; 5 Sep), and Javelin WG (1 lb/A; 11 Sep). Fungicides were also applied to manage fruit anthracnose and 
included Quadris Top (8 fl oz/A; 25 Jul, 1 Aug, 5 and 19 Sep, and 8 Oct), Quadris Flowable (6.2 fl oz/A; 9 and 25 Aug), and Bravo 
Weather Stik (1.5 pt/A; 15 and 30 Aug, and 11 and 26 Sep). The field was hoed and hand weeded on 1, 10 and 26 Jul and cultivated on 
9 and 25 Jul. Severity of Pseudomonas leaf spot on foliage was evaluated on 26 Jun, 3, 8, 17, 24, and 31 Jul, 7, 14, 21, and 27 Aug, 5, 
11, 18, and 27 Sep, and 3, 9, and 16 Oct using a scale of 0-100% foliage affected. Average maximum temperatures for 7-30 Jun, Jul, 
Aug, Sep, and 1-16 Oct were 79.1, 87.2, 81.7, 79.8, and 70.2°F; average minimum temperatures were 60.5, 66.7, 61.5, 59.1, and 

47.4°F; and rainfall amounts were 1.9, 2.8, 4.2, 1.2, and 0.8 in., respectively. Arcsine transformation (arcsine [√(X/100)]) was 

performed on severity rating. Analysis of variance was performed using the GLIMMIX procedure, and transformed means were 
separated by Fisher’s least significant difference test with SAS software.  
 
Pseudomonas leaf spot was observed in all varieties on 26 Jun, 22 days after inoculation, with average disease severity ranging from 
4.0% to 26.3% (Figure 1; Table 1).  After 26 Jun the disease did not progress as temperatures increased and new growth emerged 
without symptoms (Figure 2). On average, jalapeño varieties were less susceptible to Pseudomonas leaf spot than bell or banana 
pepper varieties (Table 2). Among the bell pepper varieties, ‘Paladin’, ‘Playmaker’, ‘Trilogy F1’, and ‘Mercer’ were the most susceptible; 
while among the banana pepper varieties ‘Pageant’ and ‘Lola’ were the most susceptible.  The jalapeño varieties ‘PS11435810’, Tzotzil’ 
and ‘Teniente’ were significantly more susceptible to the disease than the jalapeños ‘Everman’, ‘Orizaba’, ‘Cuatrero’, ‘Compadre’ and 
‘SV3198HJ’. 
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Table 1. Severity of Pseudomonas leaf spot on 33 pepper varieties on 26 June and 16 October, and Area Under the Disease Progress 
Curve (AUDPC) 
 

Pepper variety Pepper  
type 

Source Pseudomonas leaf spot severity 

% (26 Jun)z % (16 Oct)zy AUDPCzy 

Skyhawk Bell Harris Moran 15.0 d-g 1.0 d 173.6 i-m 

Currier F1 Bell Harris Moran 16.3 c-g 1.5 cd 253.8 de 

Karisma Bell Harris Moran 16.3 c-g 1.3 cd 223.5 efg 

Turnpike Bell Seminis 16.3 c-g 1.5 cd 253.8 de 

Aristotle Bell Seminis 16.3 c-g 1.3 cd 199.0 f-l 

Autry Bell Seminis 13.8 e-h 1.0 d 177.5 h-m 

Playmaker Bell Seminis 21.3 abc 1.0 d 219.1 e-i 

SVPB7331 Bell Seminis 16.3 c-g 1.0 d 207.4 f-j 

Mercer Bell Sakata 20.0 a-d 1.8 bc 338.8 b 

Ninja Bell Sakata 12.5 gh 1.3 cd 207.8 f-j 

Samurai Bell Sakata 11.8 ghi 1.0 d 153.9 lmn 

SPP2622-S10 Bell Sakata 16.3 c-g 1.5 cd 220.1 e-h 

SPP2628-S10 Bell Sakata 18.8 b-e 1.3 cd 207.0 f-j 

Placepack F1 Bell Enza Zaden 12.5 fgh 1.3 cd 173.9 i-m 

Provider F1 Bell Enza Zaden 16.3 c-g 1.3 cd 230.3 efg 

Prodigy F1 Bell Enza Zaden 12.5 fgh 1.0 d 174.6 h-m 

Triology F1 Bell Enza Zaden 20.0 a-d 2.3 ab 316.5 bc 

Paladin Bell Syngenta 26.3 a 2.8 a 385.5 a 

PS11435810 Jalapeño Seminis 15.0 d-g 1.8 bc 212.4 e-i 

Tzotzil Jalapeño Seminis 17.5 b-f 1.8 bc 242.8 def 

Everman Jalapeño Harris Moran 6.0 jk 1.0 d 124.3 n 

Orizaba Jalapeño Harris Moran 10.0 hij 1.0 d 149.3 mn 

Dante Jalapeño Harris Moran 12.5 fgh 1.5 cd 166.1 j-n 

Cuatrero Jalapeño Enza Zaden 7.5 ijk 1.0 d 154.3 lmn 

Teniente Jalapeño Enza Zaden 16.3 c-g 1.3 cd 223.8 efg 

Compadre Jalapeño Rogers 4.0 k 1.0 d 122.6 n 

SV3198HJ Jalapeño Seminis 9.3 hij 1.8 bc 201.5 f-k 

Pageant Banana Sweet banana Rupp 22.5 ab 1.5 cd 278.8 cd 

Lola Sweet banana Sakata 21.3 abc 1.3 cd 204.4 f-j 

SVPB7140 Sweet banana Seminis 17.5 b-f 1.0 d 201.1 f-k 

SVPP8114 Sweet banana Seminis 12.5 fgh 1.0 d 157.3 k-n 

SV3782PP Sweet banana Seminis 15.0 d-g 1.0 d 184.5 g-m 

Fury Hot banana Seminis 15.0 d-g 1.0 d 177.3 h-m 

P value n/a  <0.0001 <0.0001 <0.0001 

z Bacterial canker diseases ratings and area under disease progress curve (AUDPC) values were based on the percent foliar disease. 
y AUDPC was calculated according to the formula: ∑ [((xi + xi –1)/2)] × (ti – ti–1) where xi is the rating at each evaluation time and (ti – ti–1) 
is the time between evaluations. 
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 Table 2. Average severity of Pseudomonas leaf spot by pepper type on 26 June and 16 October, and Area Under the Disease 
Progress Curve (AUDPC) 
 

Pepper type Pseudomonas leaf spot severity 

% (26 Jun)z % (16 Oct)z AUDPCzy 

Banana 17.3 a 1.1 200.5 a 

Bell 16.6 a 1.4 228.7 a 

Jalapeño 10.9 b 1.3 177.4 b 

P value <0.0001 0.1777 0.0002 

z Bacterial canker diseases ratings and area under disease progress curve (AUDPC) values were based on the percent foliar disease. 
y AUDPC was calculated according to the formula: ∑ [((xi + xi –1)/2)] × (ti – ti–1) where xi is the rating at each evaluation time and (ti – ti–1) 
is the time between evaluations. 
 

 
Figure 1. Symptoms of Pseudomonas leaf spot on sweet banana ‘SV3782PP’. 

 
Figure 2. Average disease progress of pepper varieties inoculated with Pseudomonas syringae pv. syringae on June 6, 2019. Sweet 
banana (N=5); Jalapeño (N=9); Bell pepper (N=18). 
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PEPPER (Capsicum annuum)                                                                          S. A. Miller, A. Vargas, J. Amrhein 
Phytophthora blight; Phytophthora capsici                             The Ohio State University, OARDC 

                                                                                                   Wooster, OH 44691 
 
Integrated management of Phytophthora blight using grafted peppers and fungicides, 2019. 
 
The experiment was conducted at The Ohio State University’s North Central Agricultural Research Station in Fremont, OH on Rimer 
loamy fine sand. Seeds were sown on 17 Apr into 200-cell plug trays. The herbicides Roundup PowerMAX (40 fl oz/A) and Choice 
Weather Master (8 fl oz/A) were applied to the test field on 8 May. On 15 May, the fertilizers 46-0-0 (N-P-K; 250 lb/A), 10-52-0 (100 
lb/A), 0-0-60 (500 lb/A), and 20% granular boron (7 lb/A) were broadcast and then the field was disked and tilled. On 17 May, beds 
were prepared on 5 ft centers. The herbicides Dual II Magnum (16 fl oz/A) and Command 3ME (8 fl oz/A) were applied on 24 May. 
Pepper seedlings were transplanted on 19 Jun.; the starter fertilizer (N-P-K 10-34-0; 0.7 qt/50 gal water) was applied in the transplant 
water. The experiment was arranged as a split plot in a randomized compete block design with four replications. Foliar fungicide 
programs were the main plot and grafted and non-grafted peppers were the sub-plots. One main plot consisted of foliar applications of 
fungicides and the other one did not receive foliar fungicide applications. Each sub-plot consisted of one row of 25 plants spaced 1 ft 
apart with 5 ft between rows and were alternated with non-treated border rows. Insecticides were applied as needed: Actara (3 oz/A; 24 
Jun and 30 Aug), Warrior II with Zeon Technology (1.92 fl oz/A; 27 Jun), Mustang Maxx (4 fl oz/A; 2 and 19 Jul, 9 and 26 Aug, and 26 
Sep), Exirel (13.5 fl oz/A; 11 Jul and 11 Sep), Radiant SC (5 fl oz/A; 19 Jul and 5 Sep), Avaunt (3.5 oz/A; 25 Jul and 19 Sep), Asana XL 
(9.6 fl oz/A; 1 and 15 Aug), Coragen (5 fl oz/A; 30 Aug and 8 Oct), Beleaf 50 SG (2.8 oz/A; 5 Sep), and Javelin (1 lb/A; 11 Sep). 
Fungicides were also applied as needed to control anthracnose on fruit: Quadris Top (8 fl oz/A; 25 Jul, 1 Aug, 5 and 19 Sep, and 8 
Oct), Quadris Flowable (6.2 fl oz/A; 9 Aug), and Bravo Weather Stik (1.5 pt/A; 15, 26, and 30 Aug, and 11 and 26 Sep). The field was 
hoed and hand weeded on 26 Jun, and 9 and 29 Jul, and cultivated on 27 Jun, and 9 and 26 Jul.  Foliar treatments were applied using 
a tractor-mounted CO2-pressurized sprayer (55 psi, 42.3gal/A, 3 mph) beginning 3 Jul and ending 8 Oct for a total of 14 applications. 
On 27 Aug, plants were inoculated with Phytophthora capsici-infested millet seed (700 g sterilized millet seed autoclaved twice, 400 ml 
de-ionized water, 5 13-mm plugs of P. capsici). Infested millet seed (1.5 g) was placed into holes 0.5 in. deep and made 1 cm away 
from the plant crown. Plants were irrigated with 1.9 in. water on both 5 and 20 Sep. Incidence of P. capsici was evaluated weekly from 4 
Sep to 18 Oct. Peppers were harvested from 15 plants from each row on 4 and 18 Sep, and 8 Oct. Pepper fruits were evaluated, and 
weights were taken for the following categories: healthy, diseased (Phytophthora), blossom end rot, and other minor fruit rots. Average 
maximum temperatures for 16-30 Jun, Jul, Aug, Sep, and 1-18 Oct were 83.2, 87.2, 81.7, 79.8, and 68.6°F; average minimum 
temperatures were 64.0, 66.7, 61.5, 59.1, and 46.1°F; and rainfall amounts were 0.7, 2.8, 4.2, 1.2, and 0.8 in., respectively. Arcsine 

transformation (arcsine [√(X/100)]) was performed on percent Phytophthora incidence and percent marketable yield. Analysis of 

variance was performed using the GLIMMIX procedure, means and transformed means were separated by Fisher’s least significant 
difference test with SAS software.   
 
Despite the use of a field with a history of Phytophthora blight and inoculation of each plant with Phytophthora capsici, disease 
incidence in plants (root/crown phase) and fruits was low (< 5%) in this trial.  There were no significant differences in Phytophthora 
blight incidence on plants between varieties or between fungicide-treated and non-treated plants. Grafting did not influence total or 
marketable yield; there were no significant yield differences between non-grafted ‘SV3255’ and ‘SV3255’ scions grafted onto ‘E1’ or ‘E3’ 
rootstocks. However, “spray program” significantly affected the incidence of Phytophthora blight on fruit and the percent marketable 
yield.  The interaction between “spray program” and “variety” was significant for the total weight and percentage of Phytophthora on 
pepper fruits.   “Variety” significantly affected the incidence of Phytophthora blight on fruit, the percent marketable yield, and the 
incidence of blossom end rot and other fruit rots.  Phytophthora blight on fruits was negligible in the fungicide-treated plots.  In the 
fungicide-treated plots, there were no significant differences in total or marketable yield among grafted or non-grafted varieties, however 
the percentage marketable yield was significantly higher for ‘SV3255’ grafted on ‘E1’or ‘E3’, ‘Sequoia’ and ‘Aristotle’ than for non-
grafted ‘SV3255’.  The percentage of fruits with BER was significantly lower in “SV3255’ grafted on ‘E1”, ‘Mercer’ and ‘Sequoia’ than in 
non-grafted ‘SV3255’ or ‘Aristotle’.  The percentage of “other rots” was lowest in ‘SV3255’ grafted on ‘E3’, ‘Sequoia’ and ‘Aristotle’.  
 
In the non-fungicide-treated plots, all varieties and grafted plants had significantly less Phytophthora blight on fruit than the susceptible 
variety ‘SV3255’. ‘Sequoia’ and ‘Aristotle’ had significantly lower incidence of Phytophthora blight on fruit than ‘Mercer’, ‘Intruder’, and 
‘SV3255’ alone or grafted onto rootstocks E1 or E3. There were no significant differences between varieties in the incidence of BER or 
other fruit rots in these plots. 
 
 

z BER = blossom end rot. 

Summary of P-values  

Effects 
Incidence 
on plants 

(%)z   

Total 
yield  
t/A 

Market
-able 
yield 
t/A 

% 
Marketable 

yield  

Phytoph
-thora 

on fruits 
t/A 

% 
Phytoph
-thora 

on fruits   

 BERz 
t/A 

% 
BER  

Other 
t/A 

% 
Other  

Spray program 0.9206 
0.79
28 

0.9473 0.0325 <0.0001 <0.0001 
0.321

3 
0.589

0 
0.348 

0.189
9 

Varieties 0.1026 
0.32
84 

0.2239 0.0058 0.0002 0.0008 
0.008

9 
0.009 0.033 

0.049
9 

Spray program × 
Varieties 

0.2096 
0.56
14 

0.5505 0.8729 0.0008 0.0036 
0.768

2 
0.596

5 
0.376 

0.826
5 
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Spray program: foliar fungicide applicationsz 

Variety 
Incidence 
on plants 

(%)  

Total 
yield 
t/A 

Marketable 
yield t/A 

% 
Marketable 

yieldy 

Phytophthora 
on fruits t/A 

% 
Phytophthora 

on fruits  

Blossom 
ER t/A 

% 
Blossom 

ER  

Other 
t/A 

% 
Other 

SV3255 + E1 0.0 19.7 18.6 94.4 ab 0.0 0.0 0.0 c 0.2 b 1.1 abc 5.4 bc 

SV3255 + E3 0.0 21.3 20.3 95.4 a 0.1 0.3 0.1 bc 0.6 b 0.8 dc 3.7 cd 

Mercer 5.0 17.7 16.2 91.8 bc 0.0 0.0 0.5 a 2.5 a 0.9 bcd 5.7 bc 

Intruder 0.0 17.5 15.6 89.1 c 0.0 0.2 0.3 abc 1.5 ab 1.6 a 9.1 a 

Sequoia 0.0 20.9 20.0 95.4 a 0.0 0.2 0.1 c 0.3 b 0.8 cd 4.2 cd 

Aristotle 3.3 18.0 17.2 95.4 a 0.0 0.0 0.4 ab 2.2 a 0.4 d 2.4 d 

SV3255 3.3 20.0 18.0 90.3 c 0.0 0.2 0.4 ab 2.2 a 1.5 ab 7.2 ab 

P-value 0.1392 0.3766 0.2274 0.0026 0.6437 0.6797 0.0499 0.0434 0.0306 0.0061 
z Ranman + Kphite 7LP (2.75 fl oz/A, 1 gal/A; 3 and 26 Jul, 9 and 26 Aug, and 11 and 26 Sep), Presidio (4 fl oz/A; 10 Jul, 1 and 14 
Aug, 5 and 19 Sep, and 8 Oct), Orondis Ultra (8 fl oz/A; 19 Jul and 30 Aug)       
y Values are the means of four replicate plots; means followed by the same letter within a column are not significantly different at the 
indicated P value. Means were separated using Fisher's least significant difference test.  
 
 

Spray program: no foliar fungicide applications 

Variety 

 
Incidence 
on Plants 

(%)  

Total 
yield 
t/A 

Marketable 
yield t/A 

% 
Marketable 

yield  

 
Phytophthora 
on fruits t/Az 

% 
Phytophthora 

on fruitsz  

Blossom 
ER t/A 

% 
Blossom 

ER  

Other 
t/A 

% 
Other  

SV3255 + E1 0.0 18.3 16.6 90.8  0.2 b 1.1 b 0.1 0.8 1.3 7.4 

SV3255 + E3 0.0 20.5 18.8 91.7  0.2 b 0.9 bc 0.3 1.6 1.1 5.7 

Mercer 0.0 20.0 18.3 91.8  0.2 bc 0.8 bcd 0.3 1.5 1.2 6.0 

Intruder 5.0 16.2 14.5 82.9  0.1 bc 0.3 bcd 0.3 1.2 1.3 15.5 

Sequoia 0.0 19.2 17.8 92.7  0.0 c 0.3 cd 0.2 1 1.1 6.1 

Aristotle 1.7 22.3 20.9 94.0  0.0 c 0.0 d 0.4 1.9 0.9 4.1 

SV3255 3.3 21.8 19.6 90.2  0.5 a 2.3 a 0.6 2.6 1.1 4.9 

P-value 0.2165 0.4866 0.4754 0.3463  0.0008 0.0023 0.2481 0.3139 0.8207 0.3766 
z Values are the means of four replicate plots; means followed by the same letter within a column are not significantly different at the 
indicated P value. Means were separated using Fisher's least significant difference test.      
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CUCUMBER (Cucumis sativus)       S. A. Miller, A. Vargas, J. Amrhein 
Downy mildew; Pseudoperonospora cubensis           The Ohio State University, OARDC 
Phytophthora blight; Phytophthora capsici                                                           Wooster, OH 44691 

 
 
Evaluation of resistance of cucumber varieties to downy mildew and Phytophthora fruit rot, 2019. 
 
The experiment was conducted at The Ohio State University’s Muck Crops Agricultural Research Station in Celeryville, OH on Linwood 
muck soil, pH 5.8.  Fertilizer (Manganese 8% LS) was broadcast at 10 lb/A on 23 May. Cucumber seeds from twelve different varieties 
were sown on 27 May into 72-cell plug trays containing Metro-Mix 360 growing medium. On 20 Jun, the field was cultivated, disked, 
and the herbicides Curbit EC (3 pt/A) and Command 3ME (1 pt/A) were applied. On 21 Jun, the field was leveled, and beds were 
prepared on 6-ft centers. Cucumber seedlings were transplanted on 24 Jun. Varieties were laid out in a randomized complete block 
design with four replications. Each plot consisted of a row of 10 plants spaced 2 ft apart. On 28 Jun, nitrogen (NH4NO3) at 21 lb/A was 
broadcast to the field. The insecticides Warrior II with Zeon Technology (1.5 fl oz/A), Mustang Maxx (3.2 fl oz/A), and Assail 30SG (3.5 
oz/A) were applied on 3 Jul and 9 Aug; 23 Jul and 30 Aug; and 1 and 19 Aug, respectively. The field was cultivated, hand weeded and 
hoed on 9, 24, 31 Jul and 12 Aug. In order to manage powdery mildew, the fungicides Rally 40WSP (5 oz/A) and Quintec (6 fl oz/A) 
were applied on 1 and 19 Aug; and 9 and 30 Aug, respectively. Cucumber fruits from all plants were harvested, counted, evaluated for 
Phytophthora fruit rot, which appeared naturally in the plots, and weighed on 7, 14, 21, and 28 Aug and 4, 11, and 18 Sep. Downy 
mildew was first observed in the test field on 6 Sep. On 7 Sep, all varieties were rated for downy mildew severity by collecting 10 leaves 
at random from each row and using a scale of 0-100% foliage affected in 5% increments. Average maximum temperatures for 24-30 
Jun, Jul, Aug and 1-19 Sep were 87.8, 85.9, 80.7, and 79.3°F; average minimum temperatures were 66.4, 64.9, 59.4, and 56.9°F; and 
rainfall amounts were 0.1, 3.7, 3.2, and 1.1 in., respectively. Analysis of variance was preformed using the GLIMMIX procedure and 
means were separated using Fisher’s least significant difference test with SAS software.  
 
Downy mildew appeared very late and at the time of the rating (7 Sep) the plots had already been harvested six times and the plants 
were no longer growing vegetatively. However, significant differences were observed between varieties in foliar downy mildew severity.  
Downy mildew severity was significantly lower in the varieties ‘Peacemaker’ (pickle; 10%) ‘SVCN6404’ (pickle; 7.4%), ‘DMR401’ (slicer; 
3.8%) and ‘DMR264’ (slicer; 2.9%) than in the most susceptible varieties ‘Dasher II’ (slicer; 54.8%), ‘27x12’ (slicer; 49%), ‘30x48’ (slicer; 
45.1%), ‘SV346CS’ (slicer; 42.4%), ‘SV4719CS’ (slicer; 33.6%) and ‘Bristol’ (slicer; 31.4%).  Disease severity was intermediate in 
‘20x115’ (slicer; 19.9%).  These results should be considered preliminary since multiple evaluations across a season could not be 
made. Phytophthora fruit rot was a minor problem in this trial, with <2.3% disease incidence overall. Phytophthora incidence was lowest 
in ‘SV4719CS (0.3%), ‘Citadel’ (0.4%), ‘SVCN6404’ (0.4%), ‘Bristol’ (0.4%) and ’DMR264’ (0.5%).  Among the pickling varieties, the 
marketable yield of ‘Citadel’ (28.0 t/A) was statistically similar to that of ‘Peacemaker’ (25.9 t/A) but higher than that of ‘SVCN6404’ 
(22.8 t/A). The highest-yielding slicing varieties were ‘Dasher II’ (27.2 t/A), ‘SV346CS’ (26.4 t/A) and ‘Bristol’ (25.0 t/A), while the lowest 
yielding variety was ‘DMR264’ (15.8 t/A).  Yield was likely not influenced by downy mildew because six of the seven harvests were 
completed before the disease appeared. Likewise, Phytophthora fruit rot effect on yield was negligible due to low disease incidence. 
 
 

Variety Cucumber 
type 

Source Downy mildew 
severity %zy 

Total yield t/A Marketable 
yield t/A 

Fruit with 
Phytophthora t/A 

Bristol Slicing Johnny's Seeds 31.4 cd 25.1 ab 25.0 ab          0.0 c 

SV346CS Slicing SeedWay 42.4 abc 26.5 ab 26.4 ab          0.1 c 

SV4719CS Slicing Johnny's Seeds 33.6 bcd 22.6 bc 22.6 bc          0.0 c 

Citadel Pickle Johnny's Seeds      11.5 ef             28.1 a      28.0 a          0.0 c 

Peacemaker Pickle Seminis      10.0 efg 26.1 ab 25.9 ab 0.1 abc 

SVCN6404 Pickle Seminis        7.4 fg 22.8 bc 22.8 bc          0.0 c 

DasherII Slicing SeedWay      54.8 a             27.3 a      27.2 a 0.1 abc 

DMR401 Slicing SeedWise        3.8 g             22.7 bc      22.5 bc 0.2 abc 

DMR264 Slicing SeedWise        2.9 g             15.9 d      15.8 d          0.1 bc 

27x12 Slicing Common Wealth 
Seed Growers 

     49.0 ab             20.2 c      20.0 c 0.2 abc 

30x48 Slicing Common Wealth 
Seed Growers 

     45.1 abc 22.8 bc 22.6 bc          0.2 a 

20x115 Slicing Common Wealth 
Seed Growers 

     19.9 de             20.9 c      20.7 c          0.2 ab 

P-value <0.0001 <0.0001 <0.0001 0.0961 

zDowny mildew disease rating values were based on the percent foliar disease.     
yValues are the means of four replicate plots; means followed by the same letter within a column are not significantly different at the 
indicated P value. Means were separated using Fisher's least significant difference test.      
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Variety 
Cucumber 

type 
Source 

Total fruit per 
plotz 

(#) 

Healthy fruit 
per plot 

(#) 

Fruit with 
Phytophthora per 

plot (#) 

% fruit with 
Phytophthora 

Bristol Slicing Johnny's Seeds   184.8 defg  184.0 def 0.8 bc        0.4 cd 

SV346CS Slicing SeedWay 213.8 cde   212.3 cde 1.5 bc 0.6 bcd 

SV4719CS Slicing Johnny's Seeds    171.3 fg 170.8 ef          0.5 c        0.3 d 

Citadel Pickle Johnny's Seeds    288.5 a     287.5 a 1.0 bc        0.4 cd 

Peacemaker Pickle Seminis    265.5 ab 262.5 ab  3.0 abc  1.2 abcd 

SVCN6404 Pickle Seminis 249.0 abc   248.0 abc 1.0 bc        0.4 cd 

DasherII Slicing SeedWay 226.5 bcd   224.3 bcd  2.3 abc  0.9 abcd 

DMR401 Slicing SeedWise  192.8 defg 190.3 def  2.5 abc  1.2 abcd 

DMR264 Slicing SeedWise 202.3 def 201.3 de 1.0 bc        0.5 cd 

27x12 Slicing Common Wealth Seed Growers    152.8 g     150.3 f   2.5 abc 1.7 abc 

30x48 Slicing Common Wealth Seed Growers 208.8 cdef 204.0 de          4.8 a        2.3 a 

20x115 Slicing Common Wealth Seed Growers 174.0 efg 170.5 ef 3.5 ab        2.0 ab 

P-value <0.0001 <0.0001 0.0894 0.0507 

zValues are the means of four replicate plots; means followed by the same letter within a column are not significantly different at the 
indicated P value. Means were separated using Fisher's least significant difference test.  
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CUCUMBER (Cucumis sativus ‘Straight Eight’)                                      S.A. Miller, A. Vargas, and J. Amrhein 
 Downy mildew; Pseudoperonospora cubensis                                                             The Ohio State University, OARDC 
                                                                                                                                                       Wooster, OH 44691 
 
Bioassay for sensitivity of Pseudoperonospora cubensis to fungicides in OH, 2019. 
 
The experiment was conducted in a greenhouse located at The Ohio State University – Ohio Agricultural Research and Development 
Center (OARDC) in Wooster, OH. Cucumber seedlings were exposed to inoculum of Pseudoperonospora cubensis in fields with active 
downy mildew outbreaks in two locations, West Salem, Wayne County and Willard, Huron County, OH. ‘Straight Eight’ seeds were 
sown on 28 Aug into 4 in. pots filled with Baccto Professional Grower Potting Mix. The experiment was set up in a randomized complete 
block design with four replications. Each replication consisted of one pot containing one plant. Plants were hand watered daily, and 
fertilized (N-P-K 20-20-20; 0.53 oz/gal water) once per week from germination through the end of the experiment. When the second and 
third true leaves were fully expanded on 16 Sep, treatments were applied to the top surface of both leaves by using a handheld sprayer 
at a rate of 50 gal/A. Non-treated control plants were sprayed with water. Each leaf received approximately 0.12 fl oz. of spray. On 17 
Sep the treated seedlings were transported in a covered truck to cucumber fields with sporulating downy mildew lesions (West Salem: 
~50% severity; Willard: ~30% severity). After 48 hours, seedlings were returned to the greenhouse in Wooster to monitor downy mildew 
development and phytotoxicity on the leaves. Severity of downy mildew was evaluated per leaf 7 days after plants were returned by 
using a scale of 0-100% foliage affected. Seedlings were maintained in a greenhouse with temperatures that varied from a low of 58°F 

at night to high of 108°F during the day. Arcsine transformation (arcsine [√(X/100)]) was performed on severity ratings. Analysis of 

variance was performed using the GLIMMIX procedure and transformed means were separated by Fisher’s least significant difference 
test with SAS software.  Back-transformed data are shown. 
 
Disease severity was high in non-fungicide treated cucumber seedlings 7 days after exposure to downy mildew in Huron County 
(61.6%) and Wayne County (74.4%). Eight of the 10 fungicides tested significantly reduced disease severity in cucumber seedlings 
exposed to downy mildew in both locations.  The following fungicides provided at least 80% control of downy mildew in both locations: 
Orondis Opti, Omega 500F, Elumin 4SC, Ranman 400SC and Previcur Flex 6SL. Presidio 4SC and was effective at the Wayne County 
site (87.4% control) but not the Huron County site (34.1% control), while Curzate 60DF was effective at the Wayne County site (86.1% 
control) and moderately effective at the Huron County site (64.4% control). The efficacy of Forum 4.16SC was poor (40% control) in 
Huron County and moderate (62.2% control) in Wayne County. Quadris 2.08F and Revus 2.08SC were ineffective at both locations. 
 
 

Fungicide (rate/A) Active ingredient Severity of downy mildew (%)zy and (% control)w 7 DAEw 

Willard (Huron County) West Salem (Wayne County) 

Quadris 2.08F (15.5 fl oz) Azoxystrobin 22.9% 41.9 abc (32.0)x        67.5 a  (0.1) 

Ranman 400SC (2.75 fl oz) Cyazofamid 23.3%          5.0 e (91.9) 12.8 bc (82.8) 

Curzate 60DF (5.0 oz) Cymoxanil 60%        21.9 dc (64.4) 10.3 cd (86.1) 

Previcur Flex 6SL (1.2 pt) Propamocarb 66.5%        11.5 de (81.3) 8.9 cd (88.0) 

Omega 500F (1.5 pt) Fluazinam 40%          5.0 e (91.9) 2.5 cd (96.6) 

Revus 2.08SC (8.0 fl oz) Mandipropamid 23.3%        52.5 ab (14.8)       88.8 a (0.0) 

Forum 4.16SC (6.0 fl oz) Dimethomorph 43.5%        36.9 bc (40.0)       28.1 b (62.2) 

Presidio 4SC (4.0 fl oz) Fluopicolide 39.5%        40.6 bc (34.1)         9.4 bc (87.4) 

Orondis Opti A (4.8 fl oz) Oxathiapiprolin 10.2%          1.6 e (97.4)         0.0 d (100) 

Elumin 4SC (8.0 fl oz) Ethaboxam 42.5%          4.4 e (92.9) 9.4 cd (87.4) 

Non-treated  N/A        61.6 a 
 

      74.4 a 
 

P-value 
 

<0.0001 
 

<0.0001 
 

z Disease ratings after application based on scale of 0-100% (5% increments) foliage affected.     
y Means followed by the same letter within a column are not significantly different at P<0.05. Means were separated using Fisher's least 
significant difference test on angular transformed data. Back-transformed means are shown.     
x Percentage control values were calculated according to the formula: [(SC – ST)/SC] ×100 where SC is the average severity in the 
non-treated control and ST is the average severity in the treatment.       
w DAE = days after exposure.        
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Pumpkin (Cucurbita pepo ‘Orange Sunrise’)                                                                   S.A. Miller, A. Vargas, F. Rotondo and J. Amrhein  
Plectosporium blight; Plectosporium tabacinum                                              The Ohio State University, OARDC 

                                                                                                                                       Wooster, OH 44691 
Management of Plectosporium blight of pumpkins, 2019. 
 
The experiment was conducted at The Ohio State University’s North Central Agricultural Research Station in Fremont, OH on Rimer 
loamy fine sand. The herbicides Roundup PowerMAX (40 fl oz/A) and Choice Weather Master (8 fl oz/A) were applied to the test field 
on 8 May. On 15 May, the fertilizers 46-0-0 (N-P-K; 100 lb/A), 10-52-0 (500 lb/A), and 0-0-60 (7 lb/A, 20% granular boron) were 
broadcast and the field was disked and tilled. On 17 May, beds were prepared on 5-ft centers. Pumpkin ‘Orange Sunrise’ seeds were 
sown into 72-cell plug trays with Baccto Professional Growers Mix. The herbicides Dual II Magnum (16 fl oz/A), Command 3ME (8 fl 
oz/A), Roundup PowerMAX (32 fl oz/A), and Choice Weather Master (8 fl oz/A) were applied with Compadre (2.7 fl oz/A; drift control 
agent) on 8 Jun. Pumpkin seedlings were transplanted on 12 Jun; the starter fertilizer (N-P-K 10-34-0; 0.7 qt/50-gal water) was applied 
in the transplant water. Plots were arranged in a randomized complete block design with four replications. Each plot consisted of 13 
plants per row spaced 2 ft apart with 5 ft between rows. Treated rows were alternated with non-treated border rows. Insecticides were 
applied as needed: Assail 30 SG (5.3 oz/A; 19 Jun, 10 and 25 Jul, 9 Aug, and 6 Sep), Warrior II with Zeon Technology (1.92 fl oz/A; 27 
Jun, and 13 Sep), Mustang Maxx (4 fl oz/A; 2 and 19 Jul), Asana XL (9.6 fl oz/A; 1 and 15 Aug), Arctic 3.2 EC (8 fl oz/A; 29 Aug), 
Actara (3 oz/A; 29 Aug), and Carbaryl 4L (32 fl oz/A; 20 Sep). Cover sprays were applied to manage powdery mildew and downy 
mildew including: Rally 40WSP (4 oz/A; 10 and 25 Jul, 9 and 29 Aug, and 13 Sep), Quintec (6 fl oz/A; 19 Jul, 1 and 15 Aug, and 6 Sep), 
Orondis Ultra (8 fl oz/A; 19 Jul and 20 Sep), Ranman (2.75 fl oz/A; 6 Sep) and Presidio (4 fl oz/A; 13 Sep). The field was hand weeded 
and hoed on 26 Jun, and 2 and 9 Jul. Foliar treatments were applied using a tractor-mounted CO2-pressurized sprayer (55 psi, 
42.3gal/A, 3 mph) beginning 1 Jul and ending 16 Sep for a total of 12 applications. On 8 Jul and 14 Aug, the pumpkin foliage was 
wetted with 75.7 gal of water/A and inoculated with approximately 105 spores/mL of Plectosporium tabacinum using a CO2-pressurized 
backpack sprayer. The severity of Plectosporium blight in each treatment row (all plants) was evaluated on 31 Jul, 7, 14, 21, and 27 
Aug, and 5, 11, and 18 Sep using a scale of 0-100% foliage affected. On 27 Sep, all pumpkins were harvested from each treatment 
row. Weights and numbers of marketable pumpkins, pumpkin handles with Plectosporium blight, and other minor diseases were 
measured. Average maximum temperatures for 12-3 Jun, Jul, Aug, and 1-27 Sep were 79.5, 87.2, 81.7 and 79.9°F; average minimum 
temperatures were 61.4, 66.7, 61.5, and 58.6°F; and rainfall amounts were 1.8, 2.8, 4.2, and 1.1 in., respectively. Analysis of variance 
was performed using the GLIMMIX procedure and means were separated by Fisher’s least significant difference test with SAS 
software. 
 
Plectosporium blight severity was low on foliage, reaching only 4.8% in the non-treated control. However, disease incidence was 
relatively high on pumpkin handles. Only Quadris Top significantly reduced the percentage of pumpkins with Plectosporium blight 
symptoms on the handle (33.1%) compared to the non-treated control (54.3%). Disease incidence on the handles was statistically 
similar for pumpkins treated with Quadris Top (33.1%), a program including Microthiol Disperss, Topsin M, Trionic and Manzate Pro-
Stick (36.2%), Tepera (40.7%), Quadris Flowable (42%), Tepera Plus (46.8%), Dexter XCEL (47.3%) or Dexter MAX (49.5%).  The 
highest marketable yield was obtained from plots treated with Quadris Top or the program including Microthiol Disperss, Topsin M, 
Trionic and Manzate Pro-Stick, compared to the non-treated control. 
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Treatment, rate (application timing)z 

Plectosporium blight 
Fruit with 

Plectosporium blightv  
Total 
fruit 

Marketable fruit  

%yw AUDPCy t/A %x t/A t/A %x 

Aprovia Top, 13.5 fl oz (1-12) 2.8 d   153.0 cde    9.6 c  60.2 ab  16.2 e 6.4 e  38.0 dc 

Dexter MAX, 3.2 lb/A (1-12)   3.3 cd 140.9 de  19.7 a 49.5 bcd  38.0 a  17.7 abc 48.7 abc 

Dexter XCEL ,72 fl oz (1-12)   3.3 cd   153.0 cde  10.5 bc 47.3 bcd  21.8 de   10.4 de 49.7 abc 

Flint Extra, 3.8 fl oz/A (1-12)    3.8 a-d   163.6 bcd  17.5 ab 52.0 abc 32.2 a-d 14.2 bcd 45.8 a-d 

Inspire Super, 20 fl oz (1-12)   3.3 cd   124.3 e 14.8 abc  69.6 a  21.7 de    6.5 e  28.5 d 

Mural, 6.96 oz (1-12)    2.8 d  145.8 cde  18.4 a 53.8 abc 33.5 abc  14.3 bcd  43.5 bcd 

Quadris Top, 14 fl oz (1-12)    4.3 abc   201.4 ab    7.8 c  33.1 d 26.6 b-e  17.9 abc  63.9 a 

Quadris Flowable, 15.5 fl oz (1-12)   3.5 bcd  163.8 bcd 11.9 abc 42.0 bcd 29.0 a-d  16.3 a-d  55.2 abc 

Tepera, 12.6 fl oz (1-12)  3.3 cd  152.1 cde    7.8 c  40.7 cd  17.6 e    9.6 de  57.5 ab 

Tepera Plus, 15.4 fl oz (1-12)    4.3 abc 184.6 bc  14.4 abc 46.8 bcd 33.0 abc  18.5 ab 53.1 abc 

TopGuard EQ 8 fl oz (1-12)   3.5 bcd   160.0 cde  12.4 abc 54.4 abc 22.7 cde    9.6 de 41.8 bcd 

Microthiol Disperss, 4 lb/A (1,3,5,7,9,11) 

   4.5 ab   178.1 bcd 12.7 abc  36.2 cd  34.7 ab  22.0 a  63.8 a 
Topsin M WSB, 3.2 oz/A (1,3,5,7,9,11) 

Trionic 4 SC, 8 fl oz/A (2,4,6,8,10,12) 

Manzate Pro-Stick, 3 lb/A (2,4,6,8,10,12) 

Non-treated    4.8 a 226.1 a 14.4 abc 54.3 abc 25.9 b-e  11.0 cde  44.0 bcd 

P-value 0.0067 0.0007 0.0604 0.0263 0.0032 0.0007 0.0298 
zApplication dates: 1= 1 Jun; 2= 8 Jul; 3= 15 Jul; 4= 23 Jul; 5= 29 Jul; 6= 5 Aug; 7= 12 Aug; 8= 20 Aug; 9= 26 Aug; 10= 3 Sep;  
11= 9 Sep; 12= 16 Sep.              
yPlectosporium blight disease ratings and area under disease progress curve (AUDPC) values were based on the percent foliar 
disease. AUDPC was calculated according to the formula: ∑ [(xi + xi –1)/2] × (ti – ti–1) where xi is the rating at each evaluation time and   
(ti – ti–1) is the time between evaluations. 
xBased on t/A values.         
wValues are the means of four replicate plots; means followed by the same letter within a column are not significantly different at the 
indicated P value. Means were separated using Fisher's least significant difference test.      
vOnly fruit handles were evaluated for disease.       
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CABBAGE (Brassica oleracea var. capitata ‘Cheers’)                                                                   S.A. Miller, A. Vargas, and J. Amrhein  
                 Black rot; Xanthomonas campestris pv. campestris                                                     The Ohio State University, OARDC 
 Wooster, OH 44691 
 
Evaluation of Regalia and Stargus for the control of black rot of cabbage, 2019. 
 
The experiment was conducted at The Ohio State University’s North Central Agricultural Research Station in Fremont, OH on Rimer 
loamy fine sand. Cabbage ‘Cheers’ seeds were hot water-treated (10 min pre-soak at 100°F, soak for 25 min at 122°F) and sown on 4 
Apr into 200-cell plug trays containing Baccto Professional Growers Mix. On 8 May, the herbicides Roundup PowerMAX (40 fl oz/A) 
and Choice Weather Master (8 fl oz/A) were applied to the field. The fertilizers 46-0-0 (N-P-K, 100 lb/A), 10-52-0 (500 lb/A) and 0-0-60 
(7 lb/A of 20% granular boron) were broadcast and the field was disked on 15 May. Beds were formed on 17 May. The herbicides Dual 
II Magnum (16 fl oz/A) and Command 3ME (8 fl oz/A) were applied to the field on 17 May. Cabbage seedlings were transplanted on 21 
May; the starter fertilizer (N-P-K 10-34-0; 0.7 qt/50-gal water) was applied in the transplant water. Plots were arranged in a randomized 
complete block design with four replications. Each plot consisted of one row of 25 plants spaced 1 ft apart with 5 ft between rows. 
Treated rows were alternated with non-treated border rows. Insecticides were applied as needed: Warrior II with Zeon Technology (1.92 
fl oz/A; 8 Jun), Movento (5 fl oz/A; 19 and 26 Jun), DiPel PRO DF (1 lb/A; 19 Jun), XenTari (1 lb/A; 26 Jun), Actara (5.5 oz/A; 2 and 10 
Jul), Radiant SC (8 fl oz/A; 19 and 24 Jul), Assail 30 SG (4 oz/A; 31 Jul), Javelin WG (1 lb/A; 31 Jul), Mustang Maxx (4 fl oz/A: 7 and 21 
Aug), and Lannate LV (48 fl oz/A; 16 Aug). The field was cultivated on 25 Jul and hand weeded and hoed on 26 Jun and 1, 2, 15, and 
29 Jul. All plants in treated rows were inoculated with a suspension of 108 CFU/ml Xanthomonas campestris pv. campestris isolates 
SM815-11 and SM815-17 on 26 Jun and 17 Jul using a CO2-pressurized backpack sprayer. Foliar treatments were applied using a 
tractor-mounted CO2-pressurized sprayer (55 psi, 42.3 gal/A, 3 mph) beginning 19 Jun and ending 21 Aug for a total of ten applications. 
The severity of black rot in each treatment row (all plants) was evaluated on 24 and 31 Jul and 7, 14, and 21 Aug using a scale of 0-
100% foliage affected. On 27 Aug, 15 cabbage heads were harvested from the center of each treatment row. Weights of marketable 
heads, and heads with black rot were measured. Average maximum temperatures for 21-31 May, Jun, Jul, and 1-27 Aug were 77.1, 
78.0, 87.2, and 82.4°F; average minimum temperatures were 56.2, 59.8, 66.7, and 62.0°F; and rainfall amounts were 1.1, 2.7, 2.8, and 

4.2 in., respectively. Arcsine transformation (arcsine [√(X/100)]) was performed on the severity rating. Analysis of variance was 

performed using the GLIMMIX procedure, means and transformed means were separated by Fisher’s least significant difference test 
with SAS software.   
 
The cabbage variety ‘Cheers’ is moderately resistant to black rot, and disease severity was relatively low in the non-treated control 
(14.5%).  All of the treatments significantly reduced the final (21 Aug) and season-long (AUDPC) disease severity ratings compared to 
the nontreated control.  Final disease severity was significantly lower in cabbage plants treated with 64 fl oz/A Stargus + 64 fl oz/A 
Regalia than in plants treated with 64 fl oz/A Regalia + 1.8 lb/A Badge X2.  AUDPC values were significantly lower for plants treated 
with the high rate (128 fl oz/A) of Stargus alone or with the low rate of Stargus (64 fl oz/A) + 64 fl oz/A Regalia than for plants treated 
with 1.8 lb/A Badge X2.  There were no significant differences among treatments and the non-treated control in percentage of cabbage 
heads with black rot at harvest, total yield or percentage marketable heads. 
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Treatment, rate (application timing)z 

Foliar black rot 
Heads with 
black Rot 

Total yield 
Marketable 

heads 

%yx AUDPCyw %v t/A %v 

Non-treated 14.5 a 343.0 a 67.4 24.9 32.6 

Badge X2, 1.8 lb/A (1-10)     6.8 bc 168.9 b 58.7 24.9 41.3 

Stargus, 64 fl oz/A (1-10) 
    4.3 bc     98.0 bc 63.4 26.9 36.6 

NuFilm P, 0.25% v/v (1-10) 

Stargus, 128 fl oz/A (1-10) 
    4.5 bc  71.8 c 70.2 26.3 29.8 

NuFilm P, 0.25% v/v (1-10) 

Regalia, 64 fl oz/A (1-10) 

  7.0 b  147.9 bc 63.5 25.2 36.5 Badge X2, 1.8 lb/A (1-10) 

NuFilm P, 0.25% v/v (1-10) 

Stargus, 64 fl oz/A (1-10) 

  3.8 c   72.6 c 57.4 24.5 42.7 Regalia, 64 fl oz/A (1-10) 

NuFilm P, 0.25% v/v (1-10) 

Stargus, 64 fl oz /A (1-10) 

   6.3 bc  109.4 bc 81.0 26.9 19.1 Badge, X2 1.8 lb/A (1-10) 

NuFilm 0.25% (1-10) 

Stargus, 64 fl oz /A (1,3,5,7,9) 

   4.3 bc 108.5 bc 71.3 25.8 28.7 Regalia, 64fl oz/A (2,4,6,8,10) 

Badge X2 1.8 lb/A (2,4,6,8,10) 
NuFilm 0.25% (1-10) 

  0.0002 < 0.0001 0.5378 0.4219 0.5378 
zApplication dates: 1= 19 Jun; 2= 27 Jun; 3= 3 Jul; 4= 10 Jul; 5= 18 Jul; 6= 24 Jul; 7= 30 Jul; 8= 7 Aug; 9= 14 Aug; 10= 21 Aug. 
yBlack rot disease ratings (21 Aug) and area under disease progress curve (AUDPC) values were based on the percent foliar disease.   
xValues are the back-transformed means. 
wAUDPC was calculated according to the formula: ∑[(xi+xi –1)/2] × (ti – ti–1) where xi is the rating at each evaluation time and (ti – ti–1) is 
the time between evaluations. 
vBased on t/A values.      
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CILANTRO (Coriandrum sativum ‘Santo’)    S.A. Miller, A. Vargas, J. Amrhein 
 Bacterial leaf spot; Pseudomonas syringae pv. coriandricola              The Ohio State University, OARDC 
                                                                                                                         Wooster, OH 44691 
 
Evaluation of biorational products for the control of bacterial leaf spot of cilantro, 2019. 
 
The experiment was conducted at The Ohio State University’s Muck Crops Agricultural Research Station in Celeryville, OH on Linwood 
muck soil, pH 6.2. On 7 May, raised beds were prepared and seeds were direct seeded at a rate of 12 seeds/ft. The experiment was 
laid out in a randomized complete block design with four replications. Each plot consisted of 1 bed with three 20-ft rows, 18 in. apart; 
beds were 6 ft apart on center. Treated and control plots were alternated with non-treated guard beds. In order to manage weeds, the 
herbicides Dual II Magnum (1 pt/A) and Select Max Herbicide with Inside Technology (10 fl oz/A) were applied on 15 and 31 May, 
respectively. The field was broadcast fertilized with 21-0-0 (N-P-K) on 8 and 22 May at the rates 7 lb/A and 58 lb/A, respectively and Mn 
8% LS on 23 May at 10 lb/A. Foliar treatments were applied using a tractor-mounted CO2-pressurized sprayer (50 psi, 43.4 gal/A, 2.3 
mph) beginning on 4 Jun and ending on 19 Jun for a total of three applications. On 12 Jun, all cilantro plants (excluding border rows) 
were inoculated with 108 CFU/ml of Pseudomonas syringae pv. coriandricola strains SM953-13 and SM756-12 using a CO2-pressurized 
backpack sprayer. The severity of bacterial leaf spot in each plot (all plants excluding border rows) was evaluated on 19 Jun using a 
scale 0-100% foliage affected. Average maximum temperatures for 7-30 May and 1-19 Jun were 71.8 and 74.1°F; average minimum 
temperatures were 51.3 and 56.3°F; and rainfall amounts were 2.6 and 5.2 in., respectively. Arcsine transformation (arcsine 

[√(X/100)]) was performed on severity rating. Analysis of variance was performed using the GLM procedure and transformed means 

were separated by Fisher’s least significant difference test with SAS software.   
 
Only one rating for bacterial leaf spot could be completed before the trial was lost due to flooding.  Bacterial leaf spot disease severity 
reached 10.6% in the non-treated control.  Disease severity was significantly lower in plants treated with Taegro 2, Actigard + 
Vacciplant, or Actigard + Cueva than in non-treated control plants. Plants treated with Actigard, Cueva or Vacciplant alone exhibited 
statistically similar disease severity to plants treated with Actigard + Vacciplant, or Actigard + Cueva, as well as to non-treated control 
plants. Regalia alone or in combination with Taegro 2 was ineffective against bacterial leaf spot. 
  
 
 

Treatment, rate (application timing)z Bacterial leaf spot severity 

% (19 Jun)yxw 

Regalia, 1 gal/A (1-3) 10.6 a 

Taegro 2, 5.2 oz/A (1-3)   3.6 b 

Vacciplant, 22 fl oz/A (1-3)    4.3 ab 

Cueva, 2 gal/A (1-3)    5.2 ab 

Actigard 50 WG, 0.75 oz/A (1-3)   4.1 ab 

Actigard 50 WG, 0.75 oz/A (1-3) 
  5.6 ab 

Taegro 2, 5.2 oz/A (1-3) 

Actigard 50 WG, 0.75 oz/A (1-3) 
2.8 b 

Vacciplant, 22 fl oz/A (1-3) 

Actigard 50 WG, 0.75 oz/A (1-3) 
3.4 b 

Cueva, 2 gal/A (1-3) 

Regalia, 1 gal/A (1-3)  
                                      10.3 a 

Taegro 2, 5.2 oz/A (1-3) 

Regalia, 1 gal/A (1-3)  
  6.0 ab 

Vacciplant, 22 fl oz/A (1-3) 

Regalia, 1 gal/A (1-3)  
  6.4 ab 

Cueva, 2 gal/A (1-3) 

Non-treated 10.5 a 

P value 0.1023 

z Application dates: 1= 4 Jun; 2=12 Jun; 3= 19 Jun. 
y Bacterial leaf spot disease ratings were based on the percent foliar disease. 
x Values are the mean of four replicate plots; means followed by the same letter within a column are not significantly different at P≤0.1. 
Means were separated using Fisher’s least significant difference test. 
w Values are the back-transformed means. 
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Vegetable Disease Diagnostics, 2019 
Sally A. Miller and Francesca Rotondo 

 
The OSU Vegetable Pathology Laboratory in Wooster carries on a diagnostics program that is a service to commercial vegetable 
growers in Ohio.  We receive funding each year from the Ohio Vegetable and Small Fruit Research and Development Program to help 
support our efforts to assist growers in diagnosing crop diseases, particularly in the case of unusual or difficult-to-diagnose cases, and 
diseases such as late blight or cucurbit downy mildew that have explosive potential and require early detection on a regional scale.   
 
Take-home messages. The OSU Vegetable Pathology Laboratory diagnostics program serves Ohio vegetable growers by diagnosing 
diseases and providing management advice.  Additional information on the diseases and their management is provided on the Ohio 
Veggie Disease News blog (u.osu.edu/miller.769), the VegNet Newsletter (vegnet.osu.edu) and Twitter (@OhioVeggieDoc).   
 
Sample breakdown.  A total of 323 samples were diagnosed in 2019; the majority of the samples were submitted by or on behalf of 
commercial vegetable producers in Ohio. Vegetable samples were received from 35 Ohio counties and 19 samples came outside the 
state of Ohio (one from Georgia, one from North Carolina, one from Canada, two from Virginia, two from Cambodia, five from Indiana, 
and seven from Texas).  The number of counties for this year is similar to 2017 and 2018 (38 and 39 counties, respectively), and the 
number of samples also is similar to those received in 2018 (315). 
 
Wayne County and Huron County submitted the highest number of samples (74 and 50, respectively), many of which were submitted in 
collaboration with the OSU Wayne County Extension scouting program.  Ten or more samples were received from Erie, Holmes, 
Sandusky and Columbiana counties. 
 
The beginning of the 2019 growing season was characterized by heavy rains and flooding events that delayed planting for many crops. 
These weather events caused different kinds of abiotic stresses, such as anoxia and waterlogging.   
 
Most of the samples received were solanaceous crops (tomatoes, peppers, eggplants, and potatoes) followed by cucurbits (cucumbers, 
melons, watermelon, zucchini, squash and pumpkins). Among the solanaceous crops, tomatoes were the most frequently received 
followed by peppers, while among the cucurbitaceous crops zucchini/squashes were predominant followed by cucumbers and 
pumpkins. Ten or more samples were leafy greens and cole crops, nine sample were herbs, and eight samples were ornamentals.  The 
remaining samples included legumes and greens, while the “other” category included beets, hemp, sweet potato, tomatillo, rhubarb and 
sweet corn.  
 
We pinpointed the first appearance of downy mildew in cucumbers, melons, pumpkins and squash in counties counties in the state.  All 
first reports were submitted to the multistate cucurbit downy mildew forecasting site (Cucurbit ipmPIPE; http://cdm.ipmpipe.org/).  
Downy mildew was also reported on basil in Huron County. This year downy mildew in cucurbits appeared at the end of August, and 
this was even more unusual if compared to what was considered a late appearance in 2018 (beginning of August).  This delay could be 
due both to the unusual weather and to improved strategies adopted by the Canadian greenhouses to control downy mildew. 
 
Similar to what was reported in 2018, powdery mildew (23 samples) and Plectosporium blight (9 samples) infected many 
cucurbitaceous crops.Septoria blight and early blight on tomatoes made an early appearance (end of June) due to the favorable 
weather conditions. We also observed a high incidence of foliar pathogens like Alternaria, Stemphylium,  Corynespora and Cercospora. 
Phytophthora infections were also recorded among different crops (pepper, potato and cucurbits). Fusarium was the most diagnosed 
soilborne disease in 2019 (14 cases, seven of which were reported on tomato). Ninety-eight fungal diseases diagnosed in 2019.  
 
Water molds in the field were mainly associated with cucurbits (12 samples), while we detected Pythium infections on lettuce and herbs 
from hydroponic greenhouses (five samples). 
 
The extremely wet conditions together with the cool temperatures favored an early start of bacterial diseases, mainly caused by 
Pseudomonas spp. (bacterial speck and angular leaf spot), while Xanthomonas infections started to appear by the end of June. Eighty-
three samples were affected by bacterial diseases, and cucurbits, peppers and tomatoes were the most affected crops.  
 
Tospoviruses (Tomato spotted wilt virus and Impatiens necrotic spot virus) were diagnosed on tomato and peppers (eight samples), 
while Tobamoviruses (Tobacco mosaic virus) were detected in field tomato production (three samples). We did not report any cases of 
Tomato brown rugose fruit virus (Tobamovirus). This virus is mechanically transmitted, and it is causing severe damage to tomato 
production worldwide (Europe, Turkey, Jordan, Mexico and China). APHIS has recently issued a Federal Order imposing restrictions on 
the import of tomato and pepper for both seeds and transplants, in order to contain the spread of this viral disease to the US. 
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For more information on these reports or to receive copies of this or similar publications, please contact: 
 
Dr. Sally A. Miller 

Distinguished Professor of Food, Agricultural  

and Environmental Sciences in Plant Pathology 

Department of Plant Pathology 

The Ohio State University-OARDC  Phone: 330 263-3678 

1680 Madison Avenue   FAX: 330 263-3838 

Wooster, OH 44691-4096   Email: miller.769@osu.edu 

 

 
 
 
 
 
Report is available on-line: u.osu.edu/miller.769/ 
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