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TOMATO (Solanum lycopersicum ‘Peto 696’)     S. A. Miller, J. R. Mera and F. Baysal  
  Early blight; Alternaria solani     The Ohio State University, OARDC 
 Anthracnose; Colletotrichum coccodes 1680 Madison Ave. 
          Wooster, OH 44691   
 
 
Evaluation of fungicides for the control of foliar  and fruit diseases of processing tomatoes, 2006.  
  
   The experiment was conducted at the Ohio Agricultural Research and Development Center’s North Central Agricultural 
Research Station in Fremont, OH on Rimer loamy fine sand. Potassium (240 lb/A K2O), phosphorous (92 lb/A P2O5) and nitrogen (105 
lb/A urea) were incorporated into the test field, which was then chisel plowed on 10 Oct 05. On 18 Apr 06, the field was cultivated and 
raised beds on 5 ft centers were prepared. ‘Peto 696’  tomato seeds were hot water-treated (10 min pre-soak at 100° F, treatment for 25 min 
at 122° F) and sown on 11 Apr into 288-cell plug trays containing Metromix 360 seedling mix. On 23 May, seedlings were transplanted 1 ft 
apart into single rows 25 ft long on the beds. Starter fertil izer (N-P-K 10-34-0; 0.7 qt/50 gal water) was applied in the transplant water. 
Treatments were arranged in a randomized complete block design with four replications.  Treatment rows were alternated with untreated 
guard rows. The herbicides Dual II Magnum (1 pt/A), Sencor 75 DF (0.33 lb/A), and Round-Up WeatherMax (1 pt/A) were applied on 9 
May. The field was cultivated on 14 and 27 Jun and hand weeded and hoed on 29 Jun. On 27 Jun, Sencor 75 DF was applied post plant at 
0.33 lb/A. Insecticides Mustang Max at 3 fl oz/A and Warrior T at 3 fl oz/A were applied on 29 Jun and 31 Jul, respectively. Treatments 
were applied using a tractor-mounted CO2-pressurized sprayer (55 psi, 44.9 gal/A, 3 MPH) on a 7-10 day schedule beginning 26 Jun and 
ending 31 Aug for a total of ten applications. Severity of early blight on foliage was evaluated on 20 and 27 Jul, 3, 10, 17, 24, and 31 Aug 
using a modified Horsfall-Barratt rating scale. Fruit were harvested from five plants in the center of each treatment row on 6 Sep and 
weights of marketable fruit, green fruit, fruit with anthracnose, bacterial disease, blossom end rot and “other”  rots (minor fungal and 
oomycete fruit rots) were determined. Average maximum temperatures for 23-31 May, Jun, Jul, Aug and 1-6 Sep were 80.8, 79.2, 84.9, 
83.9, and 73.0°F; average minimum temperatures were 52.8, 52.3, 59.8, 55.7, and 49.7°F; and rainfall amounts were 1.46, 5.48, 5.07, 2.51, 
and 0.40 in., respectively. Data were analyzed by ANOVA using SAS statistical software.  Means were separated using Fisher’s protected 
least significant difference test. 
  Early blight disease pressure was moderate in this trial.  Based on the final (31 Aug) evaluation, all treatments significantly 
reduced early blight severity compared to the untreated control, although there were no differences among treatments in efficacy.   Similar 
trends were observed in the area under the disease progress curve for early blight, but results were not statistically significant due to the 
exclusion of season-long data from three plots due to the occurrence of bacterial canker. There were no significant differences in total 
weight or percentage marketable fruit, which ranged from 52 – 69% (data not shown).   The two higher rates of DPX-LEM17, Scala plus 
Bravo Weather Stik and Bravo Weather Stik alternated with Quadris (standard) significantly reduced anthracnose fruit rot compared to the 
untreated control.  Bacterial fruit disease and blossom end rot incidences were low and were not affected by the treatments. 
  

Early blighty Treatment and rate/A (application timez) 
AUDPCx % disease 

31 Aug 

Total fruit 
weight 
(ton/A) 

% 
anthracnose 

DPX-LEM17 SC 9.6 fl oz (1-10)................................................................... 262.9 aw 11.0 b 41.2 a 14.0 ab 
DPX-LEM17 SC 16.8 fl oz (1-10).................................................................  277.4 a 8.1 b 38.1 a 12.7 b 
DPX-LEM17 SC 24.0 fl oz (1-10).................................................................  242.4 a 6.5 b 38.7 a 8.0 bc 
Endura 70 WDG 3 oz (1-10)..........................................................................  254.2 a 5.0 b 25.7 a 14.6 ab 
Scala 60SC 7 fl oz + Bravo Ultrex WPG 1.8 lb (1-10) ................................  294.9 a 4.3 b 34.5 a 7.3 bc 
Bravo Weather Stik 6 SC 1.7 pt (1,3,5,7,9)  
  alt Quadris 23F 5.6 fl oz (2,4,6,8,10) ..........................................................  277.4 a 3.5 b 38.3 a 4.1 c 
Untreated control ............................................................................................  528.3 a 30.4 a 31.1 a 21.4 a 
P value 0.1263 0.0001 0.3889 0.0021 

zApplication timings were: 1= 26 Jun; 2= 3 Jul; 3= 11 Jul; 4= 17 Jul; 5= 24 Jul; 6= 31 Jul; 7= 7 Aug; 8= 14 Aug; 9= 21 Aug; 10= 31 Aug.  
yDisease ratings and area under the disease progress curves (AUDPC) were based on the midpoint values of a modified Horsfall-Barratt 
rating scale where 1=0%, 2= 1-3%, 3= 4-6%, 4=7-12%, 5= 13-25%, 6=26-50%, 7=51-75%, 8= 76-87%, 9=88-94%, 10= 95-97%, 11=98-
99% and 12= 100% early blight. 
xCalculated 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. 
wMost values are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at 
P" 0.1. Means were separated using Fisher’ s protected least significant difference test. 
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TOMATO (Lycopersicon esculentum ‘Peto 696’) S. A. Miller, J. R. Mera and F. Baysal 
 Bacterial canker; Clavibacter michiganensis subsp. michiganensis The Ohio State University, OARDC 
 Anthracnose; Colletotrichum coccodes 1680 Madison Ave. 
  Wooster, OH 44691 
 
Evaluation of products for the control of bacter ial canker  of processing tomatoes, 2006. 
 
  The experiment was conducted at the Ohio Agricultural Research and Development Center, Snyder Farm in Wooster, OH on 
Wooster silt loam.  ‘Peto 696’  tomato seeds were hot water-treated (10 min pre-soak at 100ºF, then treatment for 25 min at 122ºF; see 
Appendix 1) and sown on 10 Apr into 288-cell plug trays containing Fafard seedling mix.  On the day of transplanting on 23 May, 400 lb/A 
19-19-19 (N-P-K) was broadcast, top dressed and incorporated into the test field and the herbicides Treflan EC (1pt/A), Dual II Magnum 
(1.5 pt/A), and Sencor DF (0.5 lb/A) were applied. Starter ferti lizer (N-P-K 9-45-15; 1.65 lb/55 gal water) was applied at transplanting. 
Treatments were arranged in a randomized complete block design with four replications.  Each treatment consisted of 20 plants spaced 1 ft 
apart with 5 ft between rows. Treatment rows were alternated with untreated border rows. Sevin 75 DF (0.5 lb/A) was applied on 25 May 
and Provado 1.6 F (3.5 fl oz/A) was applied on 16 and 26 Jun for insect pest management. Eight treatments were applied using a tractor-
mounted CO2-pressurized sprayer (40 psi, 41.2 gal/A, 3 MPH) on a 7-10 day schedule beginning 28 Jun and ending 22. Plants were 
inoculated with approximately 109 CFU/fl oz (3x108 CFU/ml) Clavibacter michiganensis subsp. michiganensis strains C290 and A226 in 
the evening of 3 Jul using a CO2-pressurized backpack sprayer (40 psi, 78.9 gal/A). Plants were overhead irrigated on 12 and 16 Jun and 21 
Aug with 1.0 in. water.  The field was cultivated on 8 Jun, 26 Jul, and 2 and 14 Aug for weed control. Severity of bacterial canker on 
foliage was evaluated on 17 and 25 Jul and 4, 11, 16, and 28 Aug using a modified Horsfall-Barratt rating scale. Fruits were harvested from 
five plants in the center of each treatment row on 31 Aug and weight of marketable fruit, green fruit, fruit with anthracnose, bacterial 
canker, blossom end rot and other rots were determined. Average maximum temperatures for 23-30 May, Jun, Jul, and Aug were 82.9, 
78.2, 84.5, and 83.4ºF; average minimum temperatures were 53.6, 54.1, 63.3, and 61.2ºF; and rainfall amounts were 1.85, 4.08, 6.48, and 
1.26 in., respectively. Data were analyzed by ANOVA using SAS statistical software. Means were separated using Fisher’ s protected least 
significant difference test. 
  Bacterial canker disease pressure was high in this trial, with an average of 72.6% diseased foliage (leaves, stems, petioles) in the 
untreated control by the end of the season.   All of the treatments except Serenade Max plus Kocide 2000 significantly (P < 0.1) reduced 
bacterial canker severity at the end of the season compared to the untreated control, but did not differ from one another in efficacy.  
However, none of the AUDPCs differed significantly between treatments or the untreated control (P = 0.1225).   The Manzate + Kocide 
2000 and Manzate + DPX-GFJ52 treatments increased the percentage of ripe fruit with bacterial canker symptoms compared to the 
untreated control.  There were no significant differences in percentage of marketable fruit, which ranged from 40.5 to 48.4 (data not shown) 
or in total yield among plots treated with any of the product combinations or left untreated.   Anthracnose was significantly reduced 
compared to the untreated control in plots treated with Manzate + Kocide 2000, Tanos + DPX-GFJ52 + Manzate, and Manzate + DPX-
GFJ52.  There were no differences among treatments or the control in yield of healthy or diseased green fruit, or fruit with blossom end rot 
or other rots (data not shown). 
  

  
Bacterial canker Treatment and rate/A (application timez) 

Foliar 
16 Aug 

Foliar 
28 Aug 

AUDPCy %  
ripe fruit 

w/ 
symptoms 

Total 
yield 

(ton/A) 

% 
anthracnosew 

 

Tanos 50DF 8 oz + Kocide 2000 DF 2 lb + Manzate   
  75DF 2 lb (1,3,5,7)  
  alt Kocide 2000 DF 2 lb + Manzate 75DF  2 lb  
  (2,4,6,8) ..........................................................................................................................................  39.5 bcx 47.4 b 1312.3 a 16.1 abc 24.2 a 7.9 ab 
Manzate 75DF 2 lb + Kocide 2000 DF 2 lb (1-8) .........................................................................  35.6 c 50.5 b 1131.3 a 18.8 a 16.7 a 2.6 b 
Tanos 50DF 8 oz + DPX-GFJ52 WG 1.17 lb + Manzate  
  75DF 2 lb (1,3,5,7)  
  alt DPX-GFJ52 WG 1.17 lb + Manzate 75DF  2 lb  
  (2,4,6,8) ..........................................................................................................................................  47.4 bc 50.5 b 1423.3 a 16.9 abc 17.6 a 3.7 b 
Manzate 75DF 2 lb/A + DPX-GFJ52 1.17 lb (1-8) .......................................................................  41.9 bc 50.5 b 1240.4 a 18.2 ab 17.3 a 2.0 b 
Serenade Max 1 lb + Kocide 2000 DF 1lb  
  + Biotune 0.2% V/V (1-8).............................................................................................................  50.5 ab 58.3 a 1610.8 a 11.6 bc 17.7 a 10.6 ab 
Untreated Control ............................................................................................................................  61.4 a 72.6 a 1843.7 a 10.2 c 16.4 a 15.1 a 
P value 0.0060 0.0865  0.1225 0.0931 0.2486 0.0903 

zApplication timings were: 1= 28 Jun; 2= 6 Jul; 3= 14 Jul; 4= 21 Jul; 5= 1 Aug; 6= 8 Aug; 7= 15 Aug; 8= 22 Aug. 
yDisease rating and area under the disease progress curve (AUDPC) based on the midpoint values of a modified Horsfall-Barratt rating 
scale where 1=0%, 2= 1-3%, 3= 4-6%, 4=7-12%, 5= 13-25%, 6=26-50%, 7=51-75%, 8= 76-87%, 9=88-94%, 10= 95-97%, 11=98-99% 
and 12= 100% bacterial canker. AUDPC 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. 
xValues are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different   
at P" 0.09 . Means were separated using Fisher’ s protected least significant difference test. 
wPercent anthracnose data were square root transformed prior to analysis; non-transformed means are reported.  
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TOMATO (Lycopersicon esculentum ‘Peto 696’)     S. A. Miller, J. R. Mera and F. Baysal 
 Anthracnose; Colletotrichum coccodes  The Ohio State University, OARDC 
  1680 Madison Ave. 
         Wooster, OH 44691   
 
Evaluation of cover  crops for their  effect on growth, yield and disease of processing tomatoes, Fremont 2006.  
  
  The experiment was conducted at the Ohio Agricultural Research and Development Center’s North Central Agricultural 
Research Station in Fremont, OH on Rimer loamy fine sand. Potassium (72 lb/A K2O), phosphorous (72 lb/A P2O5) and nitrogen (72 lb/A 
urea) were incorporated into the test field, which was then chisel plowed on 10 Oct 05. On 30 Mar 06, the field was cultivated and raised 
beds were prepared. Plots consisted of three 25 ft long raised beds on 5 ft centers, arranged in a randomized complete block design with 
four replications. Caliente brand varieties 119 (Brassica juncea and Sinapis alba) and 99 (B. juncea) were seeded on the top of the beds at 
the rate of 13.4 lb/A and varieties 61 (B. juncea) and Nemat (Eruca sativa) were seeded at the rate of 8.0 lb/A on 30 Mar using a 3 ft Gandy 
ferti lizer spreader. Control plots were not seeded.  After seeding, beds were cultipacked in order to maximize seed contact with soil. On 1 
May, germination data were recorded from three 10 in.2 sections (both ends and the middle) of the center row of each plot. Select EC was 
applied at the rate of 5 fl oz/A on 5 May to control volunteer wheat. ‘Peto 696’  tomato seeds were hot water-treated (10 min pre-soak at 
100°F, then 25 min at 122°F; see Appendix 1) and sown on 8 May into 288-cell plug trays containing Metromix 360 seedling mix. On 24 
May, plants were cut from a 1ft2 section from the outside beds of each variety and plant number, height, and fresh and dry weights were 
recorded. The cover crops were flail-mowed, and chopped leaves, stalks, and stems were incorporated into the beds on 25 May using a 
power bedder. The herbicides Dual II Magnum (1 pt/A), Sencor 75 DF (0.33 lb/A), and Round-Up Weather Max (1 pt/A) were applied on 
30 May. On 6 Jun, tomato seedlings were transplanted into single rows 1 ft apart on the beds. Starter fertil izer (N-P-K 10-34-0; 0.7 qt/50 
gal water) was applied in the transplant water. On 27 Jun Sencor 75 DF was applied at 0.33 lb/A. Asana XL (6 fl oz/A), Mustang Max (5 fl 
oz/A), Spintor (3 fl oz/A), Pydrin 2.4 EC (6 fl oz/A), Dimethoate 400 (1 qt/A), Thiodan (1 qt/A), and Lannate LV (1.5 pt/A) were applied 
on 26 Jun and 31 Jul, 29 Jun, 6 Jul, 24 Jul, 31 Jul, 17 Aug, and 25 Aug, respectively to control insect pests.  Manex 4L (1.6 qt/A), Champ II 
(1.3 pt/A), Quadris (6 fl oz/A), and Bravo WeatherStik (3 pt/A) were applied on 26 and 29 Jun, 24 and 31 Jul, and 8 Sep; 26 and 29 Jun and 
6 Jul; 6 Jul and 25 Aug; and 17 Jul, 17 Aug, and 1 Sep, respectively. The field was hand weeded and hoed on 29 Jun. On 27 Jun and 11 Jul, 
the height, width, and number of leaves of three tomato plants from the middle of the center plot row were recorded. Fruit were harvested 
from five plants in the middle of the center plot row on 25 Sep and weights of marketable and unripe fruit and fruit with anthracnose, 
blossom end rot and other rots were determined. Average maximum temperatures for 30-31 Mar, Apr, May, Jun, Jul, Aug and 1-25 Sep 
were 64.0, 65.1, 70.4, 79.2, 84.9, 83.9, and 73.7°F; average minimum temperatures were 33.0, 35.8, 45.1, 52.3, 59.8, 55.7, and 47.4°F; and 
rainfall amounts were 0.00, 2.23, 5.00, 5.48, 5.07, 2.51, and 2.24 in., respectively. Data were analyzed by ANOVA using SAS statistical 
software.  Means were separated using Fisher’s protected least significant difference test. 
 The mustard cultivars (Caliente 119, 99 and 61) produced similar amounts of biomass, which were significantly higher than that 
produced by Nemat (arugula).  Mustard plants were significantly taller than Nemat plants, but Nemat population density was significantly 
higher than recorded for the mustard varieties.   There were no significant differences between plots with or without cover crops in tomato 
plant height or width, number of leaves/plant, total or marketable yield, or percentage of fruits with anthracnose or blossom end rot.  There 
was however, a trend toward higher marketable yield from tomato plots with a previous cover crop of Caliente 61 compared to the no-
cover control, possibly as a result of the significantly lower percentage of unripe fruits in these plots than in the control.  Minor fruit rots 
(Rhizoctonia, Pythium spp. etc.) were significantly lower in tomatoes following Caliente 99 and Nemat than in the no-cover control.  
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Cover crop Cover crop 

Germination 
(plants/ft2) 

Height 
(in.) 

Fresh weight 
(oz/ft2) 

Caliente 119............................  55.8 b*  24.0 a 21.1 a 

Caliente 99..............................   67.3 b 17.0 b 19.7 a 

Caliente 61..............................  78.6 b 18.8 b 18.6 a 

Nemat......................................  146.8 a 9.6 c 11.9 b 

P value 0.0007 0.0001 0.0012 
*Values are the means of four replicate plots; means followed by the same letter  
within a column are not significantly different at P" 0.05.    
 
Cover crop Tomato

plant 
height 
(in.) 

Tomato
plant 
width 
(in.) 

Number 
of 

leaves/ 
tomato 
plant 

Total  
yield 

(ton/A) 
 

Marketable 
yield 

(ton/A) 
 

% 
healthy 
unripe 
fruit 

% 
anthracnose 

% 
blossom 
end rot 

 

% 
minor 

fruit rots 

Caliente 119...............   13.3 a*  29.7 a 9.3 a 24.3 a 6.1 a 41.8 a 18.9 a 1.8 a 14.2 ab 

Caliente 99.................  13.7 a 32.1 a 9.4 a 28.6 a 6.5 a 49.1 a 16.5 a 2.1 a 10.7 b 

Caliente 61.................  13.3 a 30.4 a 8.8 a 28.4 a 10.5 a 27.1 b 21.6 a 3.6 a 11.9 ab 

Nemat ........................  13.9 a 31.1 a 9.3 a 28.4 a 8.2 a 39.8 ab 19.2 a 3.6 a 8.4 b 

None...........................  12.7 a 30.3 a 9.3 a 28.7 a 5.0 a 48.8 a 10.7 a 3.7 a 20.0 a 

P value 0.6574 0.7204 0.1138 0.7626 0.2816 0.0389 0.1345 0.2507 0.1006 
*Values are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at 
P" 0.1. 
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TOMATO (Lycopersicon esculentum ‘Peto 696’)     S. A. Miller, J. R. Mera and F. Baysal 
 Anthracnose; Colletotrichum coccodes  The Ohio State University, OARDC 
  1680 Madison Ave. 
          Wooster, OH 44691   
 
Evaluation of cover  crops for their  effect on growth, yield and disease of processing tomatoes, Wooster  2006. 
  
  The experiment was conducted at the Ohio Agricultural Research and Development Center, Snyder Farm in Wooster, OH on 
Wooster silt loam. Prior to planting, 400 lb/A 19-19-19 (N-P-K) fertil izer was broadcast, top dressed and incorporated into the test field. 
The field was cultivated and raised beds were prepared on 5 ft centers. On 3 Apr, Caliente brand varieties 119 (Brassica juncea and Sinapis 
alba), 99 and 61 (B. juncea) and Nemat (Eruca sativa) were seeded at the rate of 11.0, 8.9, 5.5, and 5.5 lb/A, respectively using a 3 ft 
Gandy (seeder). After seeding, beds were cultipacked in order to maximize seed contact with soil. On 21 May, germination data was taken 
from three section (both ends and the middle) of one of the two treatment rows on a 10 in2. ‘Peto 696’  tomato seeds were hot water-treated 
(10 min pre-soaked at 100°F, treatment for 25 min at 122°F; see Appendix 1) and sown on 2 May into 288-cell plug trays containing Fafard 
seedling mix. On 5 Jun, mustard plants were cut from a 1ft2 section from both treatment row of each variety and plant numbers, plant 
height, total plant fresh and dry weight were recorded.  Mustard plants were flail mowed and chopped leaves, stalks, and stems were 
incorporated on 7 Jun using a power bedded. Tomato seedlings were transplanted on 21 Jun; starter fertil izer (N-P-K 9-45-15; 1.65 lb/55 
gal water) was applied to the transplants. Plots were arranged in randomized complete block design initially with four replications, but one 
replication was lost due to flooding.  Each plot consisted of two rows of 25 plants spaced 1 ft apart, with 5 ft between rows. The two 
experimental rows (with cover crop) were alternated with one border row without a cover crop.  A control with no cover crop was included. 
The herbicide Sencor 75 DF was applied on 18 Jul at 0.5 lb/A. Provado 1.6 F (3.5 fl oz/A) was applied on16 and 26 Jun and Sevin 75 DF 
(0.5 lb/A) on 12 Jun for insect pests control.  Bravo WeatherStik (1.75 pt/A) and Quadris (5.5 fl oz/A) were applied to tomatoes on a 7-10 
day alternating schedule beginning on 14 Jul and ending on 6 Sep for a total of four applications per each product.  The field was 
cultivated, hand weeded and hoed on 8 and 14 Aug. On 14 Jul and 5 Aug, the height, width, and number of leaves of three plants from the 
middle of one treatment row were recorded. Fruit were harvested from five plants in the center of one treatment row on 10 Oct and weights 
of marketable and unripe fruit, and fruit with anthracnose, blossom end rot and other rots were determined. Average maximum 
temperatures for 3-30 Apr, May, Jun, Jul, Aug, Sep, and 1-10 Oct were 66.8, 70.4, 78.5, 84.5, 83.4, 71.4, and 70.9°F; average minimum 
temperatures were 39.8, 46.9, 54.1, 63.3, 61.2, 52.0, and 46.4°F; and rainfall amounts were 1.49, 5.83, 4.08, 6.48, 1.26, 2.86, and 0.07 in., 
respectively. Data were analyzed by ANOVA using SAS statistical software.  Means were separated using Fisher’s protected least 
significant difference test. 
 The mustard cultivars Caliente 119, 99 and 61 produced similar amounts of biomass, which were significantly higher than that 
produced by Nemat (arugula).  Caliente 119 and 99 were taller than Caliente 61 plants, and all were significantly taller than Nemat plants. 
There were no differences among cover crops in germination.  In this location, tomatoes following Caliente 119, Caliente 61 or Nemat 
were shorter than plants not following a cover crop. Tomato plant width and number of leaves per plant were less in tomatoes following 
any cover crop than in control tomatoes.  Total fruit yield was lower (P < 0.1) in tomatoes following Caliente 119, 99 and 61 than the 
control, but there were no differences in marketable yield or yield of fruit with anthracnose symptoms.  Marketable yield was low overall 
due to a large proportion of unripe fruit.  Minor fruit rots were higher in tomatoes following Nemat than in control tomatoes.   Blossom end 
rot was significantly reduced compared to the control in tomatoes following any cover crop.   
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Cover Crop Cover crop 

Germination 
(plants/ft2) 

Height 
(in.) 

Fresh weight 
(oz/ft2) 

Caliente 119............................  38.3 a*  28.1 a 22.3 a* *  

Caliente 99..............................   36.5 a 25.4 a 22.8 a 

Caliente 61..............................  32.5 a 19.5 b 20.4 a 

Nemat......................................  40.0 a 14.4 c 12.5 b 

P value 0.4756 0.0001 0.0142 
*Values are the means of four replicate plots; means followed by the same letter within a column are not significantly different at P" 0.05.    
Means were separated using Fisher’ s protected least significant difference test. 
* *Average fresh weight data were square root transformed prior to analysis; non-transformed means are reported. 
 
Cover crop Tomato 

plant 
height 
(in.)  

Tomato 
plant 
width 
(in.) 

Number 
of 

leaves/ 
tomato 
plant  

Total 
yield 

(ton/A) 

Marketable 
yield 

(ton/A) 

% 
anthracnose 

% 
minor fruit 

rots 

% 
blossom 
end rot 

Caliente 119...............   15.5 b*  24.2 b 41.4 b 21.0 b 5.3 a 18.0 a 11.3 ab 1.6 b 

Caliente 99.................  16.5 ab 25.0 b 39.3 b 18.3 b 3.4 a 17.7 a 10.9 ab 2.3 b 

Caliente 61.................  14.1 b 24.0 b 39.6 b 22.4 b 7.5 a 16.2 a 6.4 c 1.4 b 

Nemat ........................  15.9 b 23.5 b 36.8 b 25.2 ab 9.5 a 9.9 a 13.4 a 1.6 b 

None...........................  20.0 a 37.3 a 60.9 a 35.3 a 7.7 a 17.0 a 8.7 bc 6.4 a 

P value 0.0498 0.0267 0.0567 0.0961 0.2493 0.8610 0.0513  0.0176 
*Values are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at 
P" 0.1. Means were separated using Fisher’ s protected least significant difference test. 
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PEPPER (Capsicum annuum ‘Paladin’ )      S. A. Miller, J. R. Mera and Fulya Baysal 
  Phytophthora blight; Phytophthora capsici    The Ohio State University, OARDC 
 Pythium root rot; Pythium spp.      1680 Madison Ave.    
         Wooster, OH 44691 

          
           
Evaluation of biopesticides and fungicides for control of Phytophthora foliar  blight and Pythium root rot of peppers, 2006. 
   
   The experiment was conducted at the Ohio Agricultural Research and Development Center’s North Central Experiment Station in 
Fremont, OH on Hoytville silty clay loam. The test field was cultivated on 17 Apr, and potassium (240 lb/A K2O), phosphorous (92 lb/A 
P2O5) and nitrogen (105 lb/A urea) were incorporated.  Raised beds on 5 ft centers were prepared on 18 Apr.  On 19 Jul, additional 28 lb/A 
nitrogen was applied. ‘Paladin’  pepper seeds were treated by agitating seeds in a 20% Clorox (sodium hypochlorite) solution for 1 minute, 
followed by a 5-minute rinse in running tap water and air-drying, and sown on 17 Apr into 200-cell plug trays containing Metromix 360 
seedling mix. The herbicides Dual II Magnum (1 pt/A), Command ME (1 pt/A), and Round-Up Ultra (1 qt/A) were applied on 31 May. On 
6 Jun, Round-Up Ultra (1 qt/A) was applied to control emerged weeds. Mustang Max (3 fl oz), Warrior T (3 fl oz/A), Pounce 3.2 EC (6 fl 
oz/A), Dimethoate 400 (1 pt/A), and Metasystox MSR (2 pt/A) plus Spintor 2SC (6 fl oz/A) were applied on 19 Jul and 1 Sep; 31 Jul; 11 
Aug; 14 Aug and 1 Sep; and 21 Aug, respectively to control insect pests. Pepper seedlings were transplanted on 8 Jun. The starter fertil izer 
(N-P-K 10-34-0; 0.7 qt/50 gal water) was applied in the transplant water.  Treatments were arranged in a randomized complete block 
design with four replications. Each plot consisted of three rows (one row per bed), 40 ft long, spaced 1ft apart, and alternated with 
untreated border rows. On 5 Jul, ten plants from the middle of the two outside rows of each plot were dug and analyzed for Pythium root 
rot.  Ten plants were dug on 19 Sep for Pythium root rot evaluation from the middle of the center treatment row of each plot. Severity of 
Pythium root rot was assessed on a 1-5 scale where 1= healthy root system to 5= dead plant.  The disease was confirmed by plating 
selected root samples on PIBNC medium, semi-selective for oomycetes. The field was cultivated on 27 Jun and 6, 11 and 20 Jul and hand 
weeded and hoed on 29 Jun and 24 Jul. On 31 May, Ridomil Gold EC was broadcast at 1pt/A and incorporated into the soil prior to 
transplanting all plots except those to be treated with Muscodor, Serenade Max plus Kocide 2000, and Actinovate SP. Muscodor was 
broadcast and incorporated with a rotovator to a depth of 4 in. on 31 May at the rate of 1.9 or 3.5 oz/ft3 soil. For the Actinovate SP-treated 
plots, plants were drenched with the product at 6 oz/100 gal on 6 Jun, two days prior to transplanting. The Serenade ASO treatment was 
applied at transplanting by drenching 50 ml within a 6 in. circle around the base of each plant using a backpack CO2-pressurized sprayer. 
Foliar treatments were applied using a tractor-mounted CO2-pressurized sprayer (55 psi, 36 gal/A, 2 MPH). The sprayer was fitted with 
three nozzles, with the center nozzle positioned over the center of the row, and two angular drops down, mini side booms connected to the 
main boom on each side of the plant to insure spray penetration to the lower portion as well as the base of the plants. Nine applications 
were made on a 7-10 day schedule beginning 28 Jun and ending 25 Aug. The total number of healthy plants and plants with Phytophthora 
blight symptoms were determined on 11, 20, and 27 Jul, 3, 10, 17, 24, and 29 Aug, and 7 Sep. On 18 Aug, fruits were harvested from all 
treatment rows (120 ft).  The second harvest on 18 Sep was from the center treatment row (40 ft). Number and weight of marketable fruit, 
healthy cull fruit, fruit infected with Phytophthora or other diseases, and fruit with physiological or insect damage were recorded. Average 
maximum temperatures for 8-30 Jun, Jul, Aug, and 1-18 Sep were 79.4, 84.9, 83.9, and 75.5°F; average minimum temperatures were 52.6, 
59.8, 55.7, and 50.1°F; and rainfall amounts were 4.91, 5.07, 2.51 and 1.43 in., respectively. Data were analyzed by ANOVA using SAS 
statistical software.  Means were separated using Fisher’s protected least significant difference test.   
 Disease pressure was low for both Phytophthora blight and Pythium root rot.  The proportion of pepper plants killed by 
Phytophthora blight ranged from 0.5 – 5%, while the average proportion of plants showing symptoms of foliar blight (symptoms on leaves 
or stems) ranged from 0.8 - 3.4% (data not shown).  There were no significant differences among treatments and the untreated control in 
the proportion of plants killed plants with foliar Phytophthora symptoms or in the AUDPC calculated using numbers or proportions of dead 
plants, plants with foliar symptoms, or the combination of dead plants and plants with foliar symptoms.  However, all of the treatments 
resulted in significantly less Phytophthora fruit rot than the untreated control.  The proportion of healthy fruit was significantly higher in 
plots treated with Muscodor, Actinovate SP (drench plus foliar) and Maestro 80DF alternated with Serenade Max plus Kocide 2000 than in 
the untreated control.   This was primarily due to the reduced incidence of fruit rots by pathogens other than P. capsici in these plots.  The 
incidences of physiological damage, e.g. blossom end rot, and damage due to insect pests was also low and did not differ significantly 
among treatments and the untreated control.  Marketable yields were significantly higher in plots treated with Actinovate SP (drench plus 
foliar) and Maestro 80DF alternated with Serenade Max plus Kocide 2000 than in untreated control plots.  None of the treatments affected 
plant health at either evaluation, as measured by fresh or dry root or top weight, root length or Pythium root disease severity compared to 
the untreated control.  The number of Pythium colonies recovered from pepper roots also did not differ among treatments and the untreated 
control. 
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Treatment and rate/A (application timez) Marketable 

yield 
ton/A 

 
Phytophthora 

AUDPCy 

% 
healthy 

fruit 

% 
Phytophthora- 
infected fruit 

% 
fruit with 

other 
rots 

Muscodor 3.5 oz/ft3 soil (8 days pre-transplant) ..........................  3.3 abx 59.0 a 78.8 a 1.9 b 6.2 c 
Muscodor 1.9 oz/ft3 soil (8 days pre-transplant) ..........................  2.1 a-d 33.3 a 77.8 a 1.3 b 9.3 bc 
Actinovate SP 6 oz/100 gallons seedling drench  
  pre-transplant + 12 oz foliar (1-9) ..............................................  3.4 a 54.6 a 79.3 a 2.1 b 6.8 c 
Serenade ASO 2.0% drench at transplant  
  Serenade Max 2 lb + Kocide 2000 2 lb (1-9).............................  1.8 cd 106.8 a 65.4 bc 2.1 b 17.5 ab 
Ridomil Gold EC 1 pt drench at transplant  
  Ridomil Gold Copper 2.5 lb (1,3,5,7) ........................................  3.0 abc 70.1 a 75.2 ab 1.6 b 12.0 bc 
Ridomil Gold EC 1 pt drench at transplant  
  Ridomil Gold Copper 2.5 lb (3,7)  
  alt Serenade Max 2 lb + Kocide 2000 DF 2 lb (1,5,9) ..............  1.5 d 34.0 a 63.5 c 2.3 b 22.5 a 
Ridomil Gold EC 1 pt drench at transplant  
  Ridomil Gold Copper 2.5 lb (3,7)  
  alt Actinovate SP 12 oz (1,5,9) ...................................................  1.9 bcd 30.4 a 74.1 abc 1.3 b 12.2 bc 
Ridomil Gold EC 1 pt drench at transplant  
  Maestro 80DF 6 lb (3,7)  
  alt Serenade Max 2 lb + Kocide 2000 2 lb (1,5,9).....................  3.4 a 36.3 a 78.8 a 1.4 b 6.5 c 
Ridomil Gold EC 1 pt drench at transplant 
  Maestro 80DF 6 lb (3,7)  
  alt Actinovate SP 12 oz/A (1,5,9)...............................................  2.3 a-d 38.5 a 74.6 ab 1.7 b 12.9 bc 
Untreated control ...........................................................................  1.8 bcd 32.4 a 66.6 bc 3.9 a 16.5 ab 
P value 0.0591 0.3233 0.0331 0.0308 0.0135 

zApplication times were: 1= 28 Jun; 2=  5 Jul; 3= 12 Jul; 4= 19 Jul; 5= 26 Jul; 6= 2 Aug; 7= 11 Aug; 8= 18 Aug; 9= 25 Aug. 
yCalculated 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. 
xValues are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at P < 
0.06. Means were separated using Fisher’s protected least significant difference test. 

Treatment and rate/A (application timez) Fresh root 
weight 

(oz) 

Fresh top 
weight 

(oz) 

Average 
Root length 

(in.) 

Pythium 
severityy 

Number of 
Pythium 

colonies/20 
plants 

Muscodor 3.5 oz/ft3 soil (8 days pre-transplant) ..........................  0.159 cdx 1.2 a 3.8 a  20.9 a 4.3 a 
Muscodor 1.9 oz/ft3 soil (8 days pre-transplant) ..........................  0.154 d 1.0 a 4.0 a 20.8 a 4.5 a 
Actinovate SP 6 oz/100 gallons seedling drench  
  pre-transplant + 12 oz foliar (1-9) ..............................................  0.186 abc 1.5 a 3.9 a 16.1 a 3.3 a 
Serenade ASO 2.0% drench at transplant  
  Serenade Max 2 lb + Kocide 2000 2 lb (1-9).............................  0.180 a-d 1.2 a 4.0 a 18.7 a 4.8 a 
Ridomil Gold EC 1 pt drench at transplant  
  Ridomil Gold Copper 2.5 lb (1,3,5,7) ........................................  0.195 a 1.5 a 3.9 a 17.2 a 3.8 a 
Ridomil Gold EC 1 pt drench at transplant  
  Ridomil Gold Copper 2.5 lb (3,7)  
  alt Serenade Max 2 lb + Kocide 2000 DF 2 lb (1,5,9) ..............  0.165 bcd 1.0 a 4.3 a 14.8 a 4.5 a 
Ridomil Gold EC 1 pt drench at transplant  
  Ridomil Gold Copper 2.5 lb (3,7)  
  alt Actinovate SP 12 oz (1,5,9) ...................................................  0.181 a-d 1.1 a 4.0 a 18.3 a 2.8 a 
Ridomil Gold EC 1 pt drench at transplant  
  Maestro 80DF 6 lb (3,7)  
  alt Serenade Max 2 lb + Kocide 2000 2 lb (1,5,9).....................  0.189 ab 1.2 a 3.9 a 18.7 a 2.5 a 
Ridomil Gold EC 1 pt drench at transplant 
  Maestro 80DF 6 lb (3,7)  
  alt Actinovate SP 12 oz/A (1,5,9)...............................................  0.159 cd 1.2 a 4.0 a 20.3 a 3.5 a 
Untreated control ...........................................................................  0.178 a-d 1.1 a 3.9 a 22.8 a 3.5 a 
P value 0.0474 0.2554 0.7262 0.6354 0.5998 

zApplication times were: 1= 28 Jun; 2=  5 Jul; 3= 12 Jul; 4= 19 Jul; 5= 26 Jul; 6= 2 Aug; 7= 11 Aug; 8= 18 Aug; 9= 25 Aug. 
ySeverity of Pythium root rot was assessed on a 1-5 scale where 1 (healthy) = 0% disease; 2= 1-25 % disease; 3= 26-50% disease; 4= 51-
75% disease; and 5= 76-100% disease. Severity = [#(category midpoint*number of plants in category)]/n, where n = number of total plants 
harvested. 
xValues are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at 
P" 0.05. Means were separated using Fisher’ s protected least significant difference test. 
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PEPPER (Capsicum annuum ‘Paladin’ ) S. A. Miller, J. R. Mera and F. Baysal 
 Bacterial leaf spot; Xanthomonas  euvesicatoria The Ohio State University, OARDC 
   1680 Madison Ave. 
  Wooster, OH 44691 
 

Evaluation of products for the control of bacter ial leaf spot of bell peppers, 2006. 
  
 The experiment was conducted at the Ohio Agricultural Research and Development Center, Snyder Farm in Wooster, OH on 
Wooster silt loam. Prior to planting, 400 lb/A 19-19-19 (N-P-K) was broadcast, top dressed and incorporated into the test field on 23 May. 
‘Paladin’  pepper seeds were treated by agitating them in a 20 % Clorox (sodium hypochlorite) solution for 1 minute, followed by a 5 
minute rinse in running tap water and air-drying, and sown on 10 Apr into 200-cell plug trays containing Fafard seedling mix. The 
herbicide Treflan EC (2 pt/A) was applied on 30 May. Pepper seedlings were transplanted on 30 May; starter ferti lizer (N-P-K 9-45-15; 
1.65 lb/55 gal water) was applied to the transplants. Plots were arranged in randomized complete block design with four replications.  Each 
plot consisted of 20 plants spaced 1 ft apart with 5 ft between rows. Treated rows were alternated with untreated border rows. Provado 1.6 
F (3.5 fl oz/A), Asana XL (6 fl oz/A), and Sevin 75 DF (0.5 lb/A) were applied on 16 and 26 Jun, 7 Jul, and 7 Sep, respectively for insect 
pests control. Treatments were applied using a tractor-mounted CO2-pressurized sprayer (40 psi, 41.2 gal/A, 3 MPH) on a 7-10 day 
schedule beginning 28 Jun and ending 6 Sep for a total of ten applications. Plants were inoculated with approximately 109 CFU/fl oz (3x108 

CFU/ml) Xanthomonas euvesicatoria strain 110C (race T1P8, copper sensitive), in the evening of 30 Jun using a CO2-pressurized backpack 
sprayer (40 psi, 78.9 gal/A).  Plants were misted with water using a tractor-mounted CO2-pressurized sprayer  
(40 psi, 41.2 gal/A, 3 MPH) prior to inoculation.  Plants were overhead irrigated on 12 and 16 Jun and 21 Aug with 0.5 in. water. The field 
was cultivated on 18 Jul and 2 and 14 Aug. Severity of bacterial leaf spot on foliage was evaluated on 17 and 25 Jul and 4, 11, 16, and 28 
Aug using a modified Horsfall-Barratt rating scale. Fruits were harvested from the entire treatment row on 25 Sep and weights and numbers 
of marketable fruit, healthy cull fruit, fruit with bacterial leaf spot symptoms, fruit with other diseases (soft rot, white mold, etc.), and fruit 
with physiological (sunscald, blossom end rot) or insect damage were recorded. Average maximum temperatures for 30-31 May, Jun, Jul, 
Aug, and 1-25 Sep were 90.7, 78.2, 84.5, 83.4, and 72.6ºF; average minimum temperatures were 62.4, 54.1, 63.3, 61.2, and 53.2ºF; and 
rainfall amounts were 0.52, 4.08, 6.48, 1.26, and 1.58 in., respectively. Data were analyzed by ANOVA using SAS statistical software. 
Means were separated using Fisher’ s protected least significant difference test. 
  Bacterial leaf spot developed aggressively in this trial and plants remained small throughout the season.  There were no 
significant differences between treatments and the untreated control in disease severity at the end of the trial, AUDPC, total or marketable 
yield or percentage of symptomatic fruit.  Yields of fruit with other diseases or physiological or insect damage were low and there were no 
differences among treated plots and the untreated control (data not shown). Plants treated with Tanos 50DF plus Manex plus DPX-GFJ52 
WG alternated with Manex plus DPX-GFJ52 WG produced significantly fewer healthy culls (small fruit) than the untreated control.   
  
 

Bacterial leaf spoty Treatment and rate/A (application timez) 
Severity 

(%) 
 28 Aug 

AUDPC 
Total 
yield 

(ton/A) 

Marketable 
yield 

(ton/A) 

% 
bacterial 
leaf spot- 
diseased 

fruit 

% 
healthy 
culls 

Tanos 50DF 10 oz + Manex 37F 1.6 qt + Kocide 2000 DF 2 lb     
  (1,3,5,7,9) 
  alt Manex 37F 1.6 qt + Kocide 2000 DF 2 lb (2,4,6,10)...............    22.6 ax 1064.1 a  2.9 a 1.0 a 23.0 a 36.5 a 
Tanos 50DF 10 oz + Manex 1.6 qt + DPX-GFJ52 WG 1.17 lb    
  (1,3,5,7,9,)  
  alt Manex 37F 1.6 qt + DPX-GFJ52 WG 1.17 lb (2,4,6,10).........      28.9 a   945.4 a 2.5 a 0.5 a 31.2 a 27.4 b 
Manex 37F 1.6 qt + Kocide 2000 DF 2 lb (1-10) ............................  17.8 a 1002.8 a 2.6 a 0.7 a 28.5 a 35.6 a 
Kasumin 2L 54 fl oz/100 gal (1-10) .................................................  31.6 a 1139.5 a 3.0 a 0.7 a 22.5 a 35.7 a 
Kasumin 2L 54 fl oz/100 gal (1,3,5,7,9)  
  alt Kocide 2000 DF 1.5 lb (2,4,6,8,10)...........................................  23.8 a   978.5 a 3.0 a 0.8 a 24.2 a 32.9 ab 
Untreated control ...............................................................................  26.1 a   992.2 a 3.0 a 0.8 a 27.7 a 35.6 a 
P value 0.6797    0.9343 0.5289 0.2220 0.5912 0.0093 

zApplication timings were: 1= 28 Jun; 2= 6 Jul; 3= 14 Jul; 4= 21 Jul; 5= 31 Aug; 6= 8 Aug; 7= 15 Aug; 8= 22 Aug; 9= 30 Aug; 10= 6 Sep. 
yDisease ratings and area under the disease progress curves (AUDPC) were based on the midpoint values of a modified Horsfall-Barratt 
rating scale where 1=0%, 2= 1-3%, 3= 4-6%, 4=7-12%, 5= 13-25%, 6=26-50%, 7=51-75%, 8= 76-87%, 9=88-94%, 10= 95-97%, 11=98-
99% and 12= 100% bacterial leaf spot.  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. 
xValues are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at  
P" 0.05. Means were separated using Fisher’ s protected least significant difference test. 
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PEPPER (Capsicum annuum ‘Paladin’ )      S. A. Miller, J. R. Mera and Fulya Baysal 
 Phytophthora blight; Phytophthora capsici    The Ohio State University, OARDC 
          1680 Madison Ave.    
          Wooster, OH 44691 

          
           
Evaluation of fungicides for control of Phytophthora blight of peppers, 2006. 
   
 The experiment was conducted at the Ohio Agricultural Research and Development Center’s North Central Agricultural 
Experiment Station in Fremont, OH on Rimer loamy fine sand. Potassium (240 lb/A K2O), phosphorous (92 lb/A P2O5) and nitrogen (105 
lb/A urea) were incorporated into the test field, which was then chisel plowed on 10 Oct 05. On 19 Jul 2006, an additional 28 lb/A nitrogen 
was applied. On 18 Apr, the field was cultivated and raised beds on 5 ft centers were prepared. ‘Paladin’  (resistant to Phytophthora root and 
crown rot) pepper seeds were treated by agitating them in a 25% Clorox (sodium hypochlorite) solution for 1 minute followed by a 5 min. 
rinse under running tap water and air-drying, and sown on 17 Apr into 200-cell plug trays containing Metromix 360 seedling mix. The 
herbicides Dual II Magnum (0.75 pt/A), Command ME (1 pt/A), and Round-Up Ultra (1 qt/A) were applied to the test field on 30 May. 
Mustang Max (3 fl oz), Warrior T (3 fl oz/A), Pounce 3.2 EC (6 fl oz/A), Dimethoate 400 (1 pt/A), and Metasystox MSR (2 pt/A) plus 
Spintor 2SC (6 fl oz/A) were applied on 19 Jul and 1 Sep; 31 Jul; 11 Aug; 15 Aug and 1 Sep; and 21 Aug, respectively to control insect 
pests. On 8 Jun, seedlings were transplanted 1 ft apart into single rows 40 ft long on the beds. A starter fertil izer (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.  Plots 
consisted of three rows alternated with an untreated border row. The field was cultivated on 27 Jun, and 6 and18 Jul, hand weeded and 
hoed on 7 and 19 Jul. Inoculum of P. capsici was produced by placing a 0.28 in. disc cut with a #3 cork borer from the edge of an actively 
growing colony of P. capsici produced on PIBNC medium into a 0.28 in. diameter hole cut with a #3 cork borer through the rind of a 
mature ‘Taybelle’  winter squash fruit.  The rind removed by the cork borer was replaced after inoculation and the fruits were incubated at 
room temperature under ambient light for 2 days.  Pepper plants were inoculated on 27 Jul by placing a P. capsici-infected squash fruit in 
the center of the middle row of each plot for all four replications. Treatments were applied using a tractor-mounted CO2-pressurized 
sprayer (55 psi, 36 gal/A, 2 MPH). The sprayer was fitted with three nozzles with the center nozzle positioned over the center of the row, 
and two angular drops down, mini side booms connected to the main boom on each side to insure spray penetration to the lower portion as 
well as the base of the plants. Ten applications were made on a 7-10 day schedule beginning 28 Jun and ending 8 Sep. On 31 May, the 
Ridomil Gold EC treatment was broadcast and incorporated into the soil at 1pt/A prior to transplanting; 30 days later 50 ml Ridomil Gold 
EC solution was applied to the base of each plant. The ProPhyt 4L treatment was applied by drenching seedlings in the greenhouse two 
days prior to transplanting at the rate of 4 pt/100 gal water. On 8 Jun, all treatments except Ridomil Gold EC were drenched at 
transplanting by applying 50 ml of fungicide solution within a 6 in.-diameter circle around the base of each plant using a backpack CO2-
pressurized sprayer. The number of plants killed by Phytophthora blight and those with foliar symptoms were determined separately on 11, 
20, and 27 Jul, 3, 10, 17, 24, and 29 Aug, and 7 Sep. Fruits were harvested from all plot rows (120 ft) on 17 Aug and from the middle of 
each plot row (37.5 ft) on 11 Sep. Number and weight of marketable fruit, healthy cull fruit, fruit infected with Phytophthora, fruit with 
other minor fruit rots, and fruit with physiological or insect damage were recorded. Average maximum temperatures for 8-30 Jun, Jul, Aug, 
and 1-11 Sep were 79.4, 84.9, 83.9, and 75.7°F; average minimum temperatures were 52.6, 59.8, 55.7, and 49.6°F; and rainfall amounts 
were 4.91, 5.07, 2.51 and 0.42 in., respectively. Data were analyzed by ANOVA using SAS statistical software.  Means were separated 
using Fisher’s protected least significant difference test.   
 Phytophthora blight did not appear naturally in this trial and disease pressure was low-moderate after inoculation.  Despite 
inoculation, disease incidence was variable in this trial.  An average of 22.7% of the pepper plants in the untreated control plots were killed 
or exhibited symptoms of foliar blight by the end of the season.  The percentage of plants with Phytophthora blight at the end of the season 
was not significantly different among the untreated control and treated plots.  The AUDPC also did not differ significantly among 
treatments and the untreated control when based on plant mortality or combined plant mortality and foliar blight.  However all of the 
treatments, except the Prophyt 4L basal drench followed by Kocide 2000 + Prophyt 4L foliar spray, significantly reduced foliar blight 
development.  Marketable yield based on total tonnage, and percentage of marketable fruits was not affected by any treatment.  The 
percentage of fruits infected by Phytophthora was low, ranging from 1.8-9.5%, and all treatments significantly reduced fruit rot by P. 
capsici.  There were no significant differences among treatments in percentage of fruit with Phytophthora blight.  Treatment with Maestro 
or Folpan resulted in the highest percentage of healthy fruit. 
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AUDPCy  Treatment and rate/A  (application timez) %  

Phytophthora 
7 Sep x 

Mortalityx Foliar 
blight 

Total diseasex 

Ranman 400SC 2.75 oz basal drench at transplanting then       
  foliar + Silwet L-77 2 fl oz (1-10) ...............................................       20.0 aw    231.4 a 50.2 b          281.5 a 
SA-110201 10% SC 32 fl oz basal drench at transplanting    
  then foliar (1-10)...........................................................................       12.2 a    162.0 a 60.3 b          222.3 a 
V-10161 4FL 4 fl oz basal drench at transplanting then 
foliar  
  (1-10) .............................................................................................       7.9 a 47.8 a 42.2 b 89.9 a 
Maestro 80DF 6 lb basal drench at transplanting then foliar  
  (1-10) .............................................................................................       9.5 a 73.6 a 29.6 b          103.2 a 
Folpan 80WGD 6 lb basal drench at transplanting then 
foliar  
  (1-9) ...............................................................................................       17.9 a 79.6 a 60.7 b          140.3 a 
NOA 446510 250 SC 8 fl oz basal drench at transplanting  
  then foliar + Activator 90 0.125% V/V (1-10) ...........................       10.6 a 64.4 a 54.0 b          118.4 a 
Ridomil Gold EC 1 pt pre-plant soil incorporation and  
  drench/basal spray 30 days later +  
  Ridomil Gold®/ Copper 2.5 lbs (1-10).......................................       10.9 a 85.4 a 60.8 b          146.3 a 
Prophyt 4L 4 pt/100 gal basal drench prior to and at   
  transplanting +  
  Kocide 2000 DF 1.5 lb + Prophyt 4L 4 pt (1-10) .......................       17.9 a 78.5 a 87.1 ab          165.6 a 
Untreated Control ...........................................................................       22.7 a    113.9 a 155.1 a 269.0 a 
P value 0.6321         0.9085    0.0605      0.7375 

zApplication times were: 1= 28 Jun-5 Jul; 2= 6-13 Jul; 3= 14-19 Jul; 4= 20-30 Jul; 5= 31 Jul-6 Aug; 6= 7-13 Aug; 7= 14-21 Aug; 8= 22-30;  
9= 31 Aug-7 Sep; 10= 8-11 Sep. 
yCalculated based on plant number; AUDPC 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‘ ‘Percent Phytophthora” is based on the total number of plants killed by Phyophthora blight plus plants with foliar blight symptoms.  
AUDPC values calculated separately for plants killed by Phytophthora (mortality), those with foliar blight and the combination of the two 
(total disease) at each evaluation period.  Data for percent Phytophthora and AUDPC for mortality and total disease were square root 
transformed prior to analysis; non-transformed means are reported. 
wValues are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at 
P" 0.07. Means were separated using Fisher’ s protected least significant difference test. 
 

Treatment and rate/A  (application timez) Marketable yield 
(ton/A) y 

% 
 marketable 
yield fruity 

 

%  
Phytophthora 

infected 
fruit y 

% 
healthy 
fruit y 

Ranman 400SC 2.75 oz basal drench at transplanting then  
  foliar sprays + Silwet L-77 2 fl oz (1-10) ...................................  3.9 ax  75.0 a 3.2 b 90.9 ab 
SA-110201 10% SC 32 fl oz basal drench at transplanting  
  then foliar sprays (1-10)...............................................................  3.6 a 72.9 a 3.6 b 89.5 ab 
V-10161 4FL 4 fl oz basal drench at transplanting then  
  foliar sprays (1-10) .......................................................................  4.0 a 72.0 a 3.6 b 86.9 bc 
Maestro 80DF 6 lb basal drench at transplanting then  
  foliar sprays (1-10) .......................................................................  4.6 a 73.2 a 1.8 b 93.4 a 
Folpan 80WGD 6 lb basal drench at transplanting then  
  foliar sprays (1-9) .........................................................................  3.8 a 72.6 a 2.3 b 91.9 a 
NOA 446510 250 SC 8 fl oz basal drench at transplanting  
  then foliar sprays + Activator 90 0.125% V/V (1-10) ...............  3.7 a 72.1 a 5.1 b 89.4 ab 
Ridomil Gold EC 1 pt pre-plant soil incorporation and   
  drench/basal spray 30 days later + 
  Ridomil Gold®/ Copper 2.5 lbs (1-10) ......................................  3.8 a 68.9 a 3.6 b 88.9 abc 
Prophyt 4L 4 pt/100 gal basal drench prior to and at   
  transplanting+  
  Kocide 2000 DF 1.5 lb + Prophyt 4L 4 pt (1-10).......................  3.3 a 70.2 a 2.1 b 88.5 abc 
Untreated Control ...........................................................................  3.7 a 70.8 a 9.5 a 84.3 c 
P value    0.7054 0.9575 0.0388 0.0400 

zApplication times were: 1= 28 Jun-5 Jul; 2= 6-13 Jul; 3= 14-19 Jul; 4= 20-30 Jul; 5= 31 Jul-6 Aug; 6= 7-13 Aug; 7= 14-21 Aug; 8= 22-30;  
9= 31 Aug-7 Sep; 10= 8-11 Sep. 
yCalculated based on fruit count. 
xValues are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at 
P" 0.05. Means were separated using Fisher’ s protected least significant difference test. 
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SQUASH (Cucurbita maxima ‘Taybelle’ )   S. A. Miller, J. R. Mera and F. Baysal 
 Powdery mildew; Sphaerotheca fuliginea   The Ohio State University, OARDC 
 Downy mildew; Pseudoperonospora cubensis   1680 Madison Ave. Wooster, OH 44691 
     
    
Evaluation of fungicides for the control of powdery and downy mildews of winter  squash, 2006. 
 
 The experiment was conducted at the Ohio Agricultural Research and Development Center’s Muck Crops Agricultural Research 
Station in Celeryville, OH on Linwood muck soil, pH 5.1.  Fertilizer (18-17-17, 500 lbs/A) was incorporated into the test field on 1 May.  
Plots were disked, leveled and rolled on 1 Jun. ‘Taybelle’  squash seeds were sown on 12 May into 72-cell plug trays containing Scott’s 
Metro seedling mix. Squash seedlings were transplanted on 1 Jun. Plots were arranged in a randomized complete block design with four 
replications. Each plot consisted of one row with 15 plants spaced 2 ft apart on 6 ft centers. Treatments were applied using a tractor 
mounted 3.0 hitch (hydraulic attach) motor driven sprayer (95 psi, 52.2 gal/A, 2 MPH) on a 7-10 day schedule beginning 6 Jul and ending 
18 Aug for a total of seven applications. The insecticides Sevin XLR Plus (1 qt/A), Admire Pro (15 fl oz/A), and Ambush 25 W (12.8 
oz/A) were applied on 6, 14, 20, and 28 Jun and 25 Jul; 14 Jun; and 7 Jul, respectively. Plants were overhead irrigated with 0.8 in. water on 
7 Jun. The severity of downy and powdery mildew was evaluated on 27 Jul, 4, 10 and 18 Aug using a modified Horsfall-Barratt rating 
scale. Fruit were harvested from the entire row of each treatment on 24 Aug and the number and weight of marketable fruit, healthy cull 
fruit, and rotted fruit were determined. Average maximum temperatures for 1-30 Jun, Jul, and 1-18 Aug were 78.0, 83.3, and 85.3ºF; 
average minimum temperatures were 54.9, 63.1, and 59.7ºF; and rainfall amounts were 4.14, 4.31, and 0.17 in., respectively. Data were 
analyzed by ANOVA using SAS statistical software.  Means were separated using Fisher’ s protected least significant difference test.  
 Powdery mildew disease pressure was high, with an average of 79.2% of winter squash foliage affected by the end of the season.  
Downy mildew appeared in the plots earlier in the season than in previous years, and pressure by the end of the evaluation period was also 
high.  The Rubigan + GWN-6526 (spreader-sticker), GWN-4350 + GWN-6526, and Procure treatments were evaluated for powdery 
mildew control only and downy mildew disease ratings are not reported.  The remaining treatments were primarily for downy mildew 
control, but contained tank mix partners with efficacy against powdery mildew, so severity ratings are shown for both diseases.   The 
combination of Microthiol Special, Quintec, Nova, Gavel and Dithane was highly effective in reducing severity of both powdery and 
downy mildew, and was significantly better than all of the other treatments and the untreated control.  Procure, Rubigan + GWN-6526, and 
GWN-4350 + GWN-6526 were moderately effective against powdery mildew.  Procure was relatively less effective against powdery 
mildew compared to the control in 2006 than in 2004 in a similar trail at the same location.   The fungicide combination containing Sonata 
was moderately effective against powdery mildew when it was alternated with Bravo + Manzate but not with Sonata plus Manzate.   Both 
rates of V10161 + Bravo Weather Stik alternated with Quadris, Bravo Weather Stik alternated with Quadris, both rates of Ranman + Silwet 
(spreader-sticker) alternated with Bravo Weather Stik, and Sonata + Biotune (spreader-sticker) + Previcur Flex alternated with Sonata or 
Bravo Weather Stik plus Manzate significantly reduced downy mildew severity compared to the untreated control.  Marketable yields 
ranged from 11.8 to 15.1 tons/A, but did not differ significantly among treatments and the untreated control (data not shown).   There were 
also no differences between treatments and the control in the number of marketable fruit, the number or weight of culls or the yield of 
rotted fruit (data not shown). 
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Powdery mildew 
severity (%)  

18 Aug 

AUDPCy Downy mildew 
severity  

Treatment and rate/A (application timez)  

Upper Lower  Upper Lower % 
18 Aug 

AUDPC 

Rubigan EC 8 fl oz + GWN-6526 0.25% V/V (1-7).............................................................. 44.3 bcdx 24.9 c 292.1bcd 147.0 cd - - 
Rubigan EC 12 fl oz + GWN-6526 0.25% V/V (1-7) ........................................................... 40.3 bcd 23.8 cd 251.8 cd 136.2 cd - - 
GWN-4350 F 8 fl oz + GWN-6526 0.25% V/V (1-7) ........................................................... 56.7 bc 38.8 bc 411.1 bc 244.3 bc - - 
GWN-4350 F12 fl oz + GWN-6526 0.25% V/V (1-7) .......................................................... 53.5 bcd 37.1 bc 368.1bc 209.3 bc - - 
Procure 50WS 6 oz (1-7) ......................................................................................................... 34.8 d 25.7 c 216.3 cd 138.6 cd - - 
Microthiol Special 80WS 4 lb (1-7) + Quintec 2.08SC 4 fl oz    
  (2,4,6) + Nova 40W 4 oz (3,5,7) + Gavel 75W 2 lb (3-7) +  
  Dithane 75W 1.2 lb (3-7)....................................................................................................... 11.9 e  7.4 d 69.7 d 36.7 d 8.1 d 43.8 d 
V10161 4L 3 fl oz + Bravo Weather Stik 2.3 pt  (1,3,5,7) 
  alt Quadris 23F 11 fl oz (2,4,6) ............................................................................................. 38.8 cd 26.1 c 273.7 cd 150.9 c 28.5 bc 149.7 cd 
V10161 4L 4 fl oz + Bravo Weather Stik 2.3 pt (1,3,5,7)  
  alt Quadris 23F 11 fl oz (2,4,6) ............................................................................................. 55.9 bc 36.4 bc 405.1 bc 203.0 bc 40.3 b 225.8 bc 
Bravo Weather Stik 2.8 pt (1,3,5,7) 
  alt Quadris 23F 11 fl oz (2,4,6) ............................................................................................. 50.4 bcd 36.4 bc 363.3 bc 219.5 bc 34.0 bc 216.0 bc 
Ranman 400SC 2.75 fl oz + Silwet L77 2 fl oz (1,3,5,7) 
  alt Bravo Weather Stik 1.5 pt (2,4,6) .................................................................................... 50.4 bcd 34.8 bc 523.5 b 265.2 bc 35.9 bc 273.4 bc 
Ranman 400SC 2 fl oz + Silwet L77 2 fl oz (1,3,5,7)  
  alt Bravo Weather Stik 1.5 pt (2,4,6) .................................................................................... 44.3 bcd 26.1 c 385.8 bc 177.7 bc 39.5 bc 232.9 bc 
Sonata 2 qt + Biotune 1 pt/100 gal + Previcur Flex 1 pt   
  (1,3,5,7) 
  alt Sonata 2 qt + Biotune 1 pt/100 gal + Manzate 75DF 1. 5  
  lb (2,4,6).................................................................................................................................. 59.9 ab 44.9 b 422.4 bc 268.3 b 39.5 bc 253.4 bc 
Sonata 2 qt + Biotune 1 pt/100 gal + Previcur Flex 1 pt  
  (1,3,5,7)  
  alt Bravo Weather Stik 2pt + Manzate 75DF 1.5 lb (2,4,6) ................................................ 

 
52.8 bcd 34.8 bc 410.7 bc 221.2 bc 37.1bc 198.3 bc 

Untreated control ...................................................................................................................... 79.2 a 62.2 a 902.6 a 416.8 a 61.4 a 490.2 a 
P value 0.0001 0.0001 0.0001 0.0001 0.0031 0.0002 
zApplication times were:1= 27 Jun-5 Jul; 2= 6-13 Jul; 3= 14-24 Jul; 4= 25 Jul-2 Aug; 5= 3-10 Aug; 6= 11-17 Aug; 7= 18-24 Aug.  
yDisease rating and area under the disease progress curve (AUDPC) based on the midpoint values of a modified Horsfall-Barratt rating 
scale where 1=0%, 2= 1-3%, 3= 4-6%, 4=7-12%, 5= 13-25%, 6=26-50%, 7=51-75%, 8= 76-87%, 9=88-94%, 10= 95-97%, 11=98-99% 
and 12= 100% disease. AUDPC values were 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. 
xValues are the means of four replicate plots; treatments followed by the same letter within a column are not significantly different at 
P" 0.05. Means were separated using Fisher’ s protected least significant difference test. 
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BROCCOLI (Brassica oleracea var. i tal ica ‘Everest’  and ‘Green Magic’ )   S. A. Miller, J. R. Mera and F. Baysal  
 Clubroot; Plasmodiophora brassicae   The Ohio State University, OARDC 
    1680 Madison Ave. 
    Wooster, OH 44691 
     
Evaluation of fungicides for the control of clubroot of broccoli, 2006. 
 
 The experiment was conducted at the Ohio Agricultural Research and Development Center’s Muck Crops Agricultural Research 
Station in Celeryville, OH on Linwood muck soil, pH 5.4.  Fertilizer (N-P-K 18-17-17, 500 lbs/A) was incorporated into the test field on 1 
May. ‘Everest’  and ‘Green Magic’  broccoli seeds were sown on 15 May into 200-cell plug trays containing Scott’s Metro seedling mix. 
Plots were disked, leveled, rolled, and beds prepared on 7 Jun. Broccoli seedlings were transplanted on 13 Jun. Plots were arranged in a 
randomized complete block design with four replications. Each plot consisted of two rows (one row of each variety) on a 20 ft long bed 
with a plant-to-plant spacing of 0.5 ft. Beds were spaced 6 ft apart on center.  Immediately after transplanting, Omega 500F, Ranman 
400SC, and ProPhyt 4L were applying by pouring 3.4 fl oz (100 ml) of fungicide solution at the base of each transplant. For the untreated 
control transplants, water was applied at the same rate. Plots were irrigated with 1 in. water according to their timing of application using a 
portable water tank with a motor-driven pump. Treatments with irrigation timings of 2-4 hours, 1 day or 3 days after fungicide application 
were irrigated on 13 Jun, 14 Jun, and 16 Jun, respectively. ProPhyt 4L was applied at the rate of 6 pt/A on 20 Jun as a foliar spray using a 
tractor mounted 3.0 hitch (hydraulic attach) motor-driven sprayer (95 psi, 52.2 gal/A, 2 MPH). Sevin XLR Plus (1 qt/A) was applied on 28 
Jun, and Ambush 25 W (12.8 oz/A) on 7 Jul for insect pest management. On 7 Aug, ten plants from each variety per treatment were dug 
from the middle of each row and evaluated for clubroot severity. The vigor, height, and total fresh and dry top weight of five plants 
randomly selected among the 10 plant sampled were recorded. Average maximum temperatures for 13-30 Jun, Jul, and 1-7 Aug were 80.8, 
83.3, and 88.7ºF; average minimum temperatures were 56.7, 63.1, and 67.1ºF; and rainfall amounts were 3.67, 4.31, and 0.07 in., 
respectively. Data were analyzed by ANOVA using SAS statistical software.  Means were separated using Fisher’s protected least 
significant difference test.  
 Clubroot pressure was severe in this trial, with 100% of plants showing clubroot symptoms.   Variety x treatment interactions 
were not significant for any of the measured parameters, so data from the two varieties were combined for analysis.  There were no 
significant differences among treatments and the untreated control in fresh or dried top weight.  However, plants from plots treated with 
Omega 500F (irrigated 1 or 3 days after treatment), Ranman 400SC, or ProPhyt 4L were significantly taller than untreated control plants.  
Clubroot severity was significantly lower in all treated plots than in the untreated control.  Ranman 400SC was significantly more effective 
in reducing clubroot severity than the other treatments.   All of the treatments significantly increased plant vigor compared to the untreated 
control. 
 

Treatment (application timing) Fresh topz 
weight 

(lb) 

Dry topz  
Weight 

(lb) 

  
Plant heightz 

(in.) 

Clubrootzy  
severity 

Totalxw 
vigor 

Untreated control- irrigated with 1" water 2-4 hours after  
  application........................................................................................... 2.0 av 0.3 a 17.5 b 84.6 a 3.9 a 
Omega 500F 6.4 fl oz /100 gal irrigated with 1" water 2-4 
hours  
  after application ..................................................................................    3.7 a 0.6 a 20.4 ab 50.5 b 2.2 b 
Omega 500F 6.4 fl oz /100 gal irrigated with 1" water 1 day  
  after application ..................................................................................  3.9 a 0.6 a 20.7 a 43.9 bc 2.1 b 
Omega 500F 6.4 fl oz /100 gal irrigated with 1" water 3 days  
  after application ..................................................................................  3.5 a 0.5 a 22.0 a 40.9 bc 2.4 b 
Ranman 400SC 17.1 fl oz/100 gal irrigated with 1" water 2-4  
  hours after application........................................................................  4.2 a 0.6 a 22.4 a 31.6 c 1.9 b 
ProPhyt 4L 4 pt/100 gal seedling drench at transplanting 
  + 6 pt/A 1 week after transplanting (foliar) u.....................................  3.6 a 0.6 a 21.3 a 56.3 b 2.5 b 
P value 0.1815 0.1438 0.0525 0.0002 0.0148 

zValues based on ten plants.  
ySeverity of clubroot was assessed on a 1-5 scale where 1 (healthy) = 0% disease; 2= 1-25 % disease; 3= 26-50% disease; 4= 51-75% 
disease; and 5= 76-100% disease. Severity = [#(category midpoint*number of plants in category)]/n, where n = total number of plants 
harvested. 
xValues based on five plants. 
wPlant vigor was rated according to the following scale: 5=severe stunting, few small sized leaves, chlorosis; 4=stunting, few small-
medium sized leaves, chlorosis 3=moderate stunting, medium-large leaves, reduced leaf number, chlorosis; 2=slight stunting, slight 
reduction in leaf number, mild chlorosis, mainly larger leaves; 1=healthy plant, large leaves, no chlorosis. Vigor = [#(category 
value*number of plants in category)]/n, where n = total number of plants harvested. 
vValues are the means of four replicate plots of two varieties; treatments followed by the same letter within a column are not significantly 
different at P" 0.05. Means were separated using Fisher’ s protected least significant difference test. 
uFoliar application made on 20 Jun. 
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BROCCOLI (Brassica oleracea var. i tal ica ‘Everest’  and ‘Green Magic’ )   S. A. Miller, J. R. Mera and F. Baysal  
 Clubroot; Plasmodiaphora brassicae   The Ohio State University, OARDC 
    1680 Madison Ave. 
    Wooster, OH 44691 
 
Evaluation of the efficacy of the fungicide ProPhyt 4L  for  the control of clubroot of broccoli, 2006. 
 
 The experiment was conducted at the Ohio Agricultural Research and Development Center’s Muck Crops Agricultural 
Research Station in Celeryville, OH on Linwood muck soil, pH 5.4.  Fertilizer (N-P-K, 18-17-17, 500 lbs/A) was incorporated into the test 
field on 1 May. ‘Everest’  and ‘Green Magic’  broccoli seeds were sown on 15 May into 200-cell plug trays containing Scott’ s Metro 
seedling mix. Broccoli seedlings were drenched with ProPhyt 4L in the greenhouse two days prior to transplanting at the rate of 4 pt/100 
gal water. Plots were disked, leveled and rolled, beds prepared, and broccoli seedlings were transplanted on 30 Jun. Plots were arranged in 
a randomized complete block design with four replications.  Each plot consisted of two rows (one row of each variety) 1.6 ft apart on a 14 
ft long bed, with a within-row spacing of 0.5 ft. Beds were spaced 6 ft apart on center. The insecticide Ambush 25 W (12.8 oz/A) was 
applied on 7 Jul.  ProPhyt 4L was applied at the rate of 6 pt/A on 10 Jul as a foliar spray using a tractor mounted 3.0 hitch (hydraulic 
attach) motor driven sprayer (95 psi, 52.2 gal/A, 2 MPH). On 29 Aug, ten plants from each variety per plot were dug from the middle of 
each row and evaluated for clubroot severity, vigor, and height, total fresh and dry top weight.  Average maximum temperatures for 30 Jun, 
Jul, and 1-29 Aug were 80.2, 83.3, and 83.1ºF; average minimum temperatures were 53.3, 63.1, and 59.7ºF; and rainfall amounts were 
0.00, 4.31, and 1.65 in., respectively. Data were analyzed by ANOVA using SAS statistical software.  Means were separated using Fisher’ s 
protected least significant difference test.  
 Clubroot pressure was severe in this trial, with 100% of plants showing clubroot symptoms.  There were no significant 
differences in clubroot severity, plant height, top fresh or dry weight or overall plant vigor among plants of either cultivar treated with 
ProPhyt or left untreated.   
 
 

Treatment  Cultivar Severity 
clubroot z 

Total 
vigory 

Plant height 
(in.) 

Fresh top 
weight 

(lb) 

Dry top 
weight 

(lb) 
ProPhyt 4L 4 pt/100 gal seedling drench   
  + ProPhyt 4L 6 pt/Ax .................................................................  

Green 
Magic 

69.9 aw 3.0 a 21.6 a 5.6 a 0.6 a 

ProPhyt 4L 4 pt/100 gal seedling drench  
  + ProPhyt 4L 6 pt/Ax .................................................................   

 
Everest 

 
58.0 a 

 
2.1 a 

 
25.8 a 

 
6.8 a 

 
0.7 a 

Untreated control .........................................................................  Green 
Magic 

69.6 a 2.5 a 24.0 a 6.3 a 0.7 a 

Untreated control .........................................................................  Everest 68.9 a 2.4 a 24.4 a 6.1 a 0.7 a 
P value  0.4154 0.3270 0.1643 0.3342 0.7082 

zSeverity of clubroot was assessed on a 1-5 scale where 1 (healthy) = 0% disease; 2= 1-25 % disease; 3= 26-50% disease; 4= 51-75% 
disease; and 5= 76-100% disease. Severity = [#(category midpoint*number of plants in category)]/n, where n = total number of plants 
harvested. 
yPlant vigor was rated according to the following scale: 5=severe stunting, few small sized leaves, chlorosis; 4=stunting, few small-medium 
sized leaves, chlorosis 3=moderate stunting, medium-large leaves, reduced leaf number, chlorosis; 2=slight stunting, slight reduction in leaf 
number, mild chlorosis, mainly larger leaves; 1=healthy plant, large leaves, no chlorosis. Vigor = [#(category value*number of plants in 
category)]/n, where n = total number of plants harvested. 
xFoliar application made on 10 Jul. 
wValues are the means of four replicate plots of two varieties; treatments followed by the same letter within a column are not significantly 
different at P" 0.05. Means were separated using Fisher’ s protected least significant difference test. 
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RADISH (Raphanus sativus ‘Cabernet’ ) S. A. Miller, J. R. Mera and F. Baysal 
         Rhizoctonia root and hypocotyl rot; Rhizoctonia solani The Ohio State University, OARDC 
 Clubroot; Plasmodiophora brassicae 1680 Madison Ave. 
  Wooster, OH 44691 
 
Evaluation of biopesticides and fungicides for the management of Rhizoctonia root and hypocotyl rot and clubroot of radish, 2006. 
 

 The experiment was conducted at the Ohio Agricultural Research and Development Center Muck Crops Agricultural Research 
Station, Celeryville, OH on Linwood muck soil, pH 5.4. Fertil izer (N-P-K-S 18-0-17-17, 500 lb/A) was broadcast and incorporated into the 
test field on 1 May. The field was disked, leveled and raised beds were prepared on 7 Jun. Radish cv. Cabernet was direct seeded, and the 
herbicide Dual II Magnum was applied at 1.5 pt/A on 12 Jun.  Treatments were arranged in a randomized complete block design with four 
replications. Each plot consisted of three, 20 ft rows seeded at a rate of 10 seeds/ft. The field was overhead irrigated with 0.7 in. water on 
13 Jun.  Muscodor was applied at the rate of 1.9 and 3.5 oz/ft3 soil 7 and 5 days before planting by using a broadcast spreader and a Land 
Pride RTA 2064 rototiller to incorporate the product to a 4 in. depth. The insecticide Sevin XLR Plus was applied on 28 Jun at the rate of 1 
qt/A. Treatments applied as in-furrow and foliar sprays were applied in 24.75 gal water/A at 15 psi by using a Stan-Hay vacuum 
seeder/sprayer containing three TeeJet 8002VS nozzles spaced 18 in. apart with a spray band of 7 in. on 12 and 20 Jun, respectively.  
Radishes were harvested from a 10 ft section of the center row for each treatment on 10 Jul and number of marketable radishes, radishes 
with Rhizoctonia root rot symptoms, radishes with clubroot, healthy culls and damaged culls were recorded. Average maximum 
temperatures for 12-30 Jun and 1-10 Jul were 80.1 and 80.2°F; average minimum temperatures were 56.1 and 57.6°F and rainfall amounts 
were 3.70 and 0.80 in., respectively. Data were analyzed by ANOVA using SAS statistical software. Means were separated using Fisher’ s 
protected least significant difference test. 
  Rhizoctonia disease pressure was high in this trial, reaching an average incidence of 53.3% in the untreated control.  All of the 
Muscodor biofumigation treatments significantly reduced Rhizoctonia root and hypocotyl rot compared to both the untreated (raw seed) 
control and the standard Thiram seed treatment.  Treatment with Moncut, Ranman or Serenade did not reduce Rhizoctonia disease 
incidence compared to the untreated control or the Thiram standard.  Clubroot pressure was high in this trial, and no treatment reduced 
clubroot disease incidence compared to the untreated control or the standard.  Marketable yield was low in all plots due to high disease 
pressure, and none of the treatments resulted in higher marketable yield than the untreated control.  However, three of the Muscodor 
treatments significantly increased marketable yield compared to the Thiram standard treatment.  The Apron XL seed treatment alone and 
combined with Maxim seed treatment and an in-furrow application of Quadris, as well as all of the Muscodor treatments, the low rate of 
Serenade, and Moncut significantly increased total yield compared to the untreated control and the Thiram seed treatment standard.  
 

Treatment and rate  % 
Rhizoctonia  

% 
Clubroot 

 

Marketable 
yield 

(no./plot) 

Total 
yield 

(no./plot) 
  Muscodor 3.5 oz/ft3 soil 7 days before planting........................................................................... 6.9 c* 72.8 a 14.5 a** 80.0 ab 
Muscodor 1.9 oz/ft3 soil 7 days before planting........................................................................... 11.7 c 72.1 a 11.0 ab 75.5 a-d 
Muscodor 3.5 oz/ft3 soil 5 days before planting........................................................................... 9.0 c 79.4 a 10.5 ab 80.3 ab 
Muscodor 1.9 oz/ft3 soil 5 days before planting........................................................................... 8.1 c 86.2 a 3.8 a-d 82.8 a 
Serenade ASO 0.5% (in-furrow) ................................................................................................... 42.8 ab 79.4 a 0.5 d 77.8 ab 
Serenade ASO 1.0 %  (in-furrow) ................................................................................................. 51.6 ab 81.3 a 1.0 cd 67.8 b-e 
Serenade ASO 2.0 %  (in-furrow) ................................................................................................. 42.3 ab 71.5 a 2.8 bcd 66.8 b-e 
Moncut 70-DF 1.1 lb (in-furrow) .................................................................................................. 47.6 ab 72.6 a 5.0 a-d 75.0 a-d 
Ranman 400SC 6 fl oz (in-furrow)................................................................................................ 45.1 ab 67.5 a 3.0 bcd 58.5 e 
Apron XL 0.32 fl oz/100 lb seed + Maxim 4FS 0.16 fl oz/100 lb seed...................................... 46.4 ab 42.2 a 8.8 abc 63.8 cde 
Apron XL 0.32 fl oz/100 lb seed + Maxim 4FS 0.16 fl oz/100 lb seed  
  + Quadris 0.6 fl oz/1000 ft row (in-furrow)................................................................................ 37.2 ab 79.2 a 2.0 bcd 74.0 a-d 
Apron XL 0.32 fl oz/100 lb seed + Maxim 4FS 0.16 fl oz/100 lb seed  
  + Quadris 0.6 fl oz/1000 ft row (foliar)....................................................................................... 51.3 ab 57.5 a 2.5 bcd 65.5 de 
Apron XL 0.32 fl oz/100 lb seed + Maxim 4FS 0.16 fl oz/100 lb seed  
  + Quadris 0.4 fl oz/1000 ft row (in-furrow) followed by Quadris 0.4 fl    
  oz/1000 ft row (foliar) .................................................................................................................. 51.2 ab 50.0 a 6.8 a-d 63.0 de 
Apron XL 0.32 fl oz/100 lb seed................................................................................................... 40.0 ab 76.2 a 3.8 bcd 75.0 a-d 
Untreated Control (raw seed)......................................................................................................... 53.3 a 60.2 a 4.3 a-d 55.8 e 
Standard (Thiram 50WP 8 fl oz/100 lb seed) ............................................................................... 33.6 b 77.7 a 1.0 cd 56.0 e 
P value 0.0001 0.6354 0.068 0.0021 

*Values are the means of four replicate plots; means followed by the same letter within a column are not significantly different at P" 0.07   
Means were separated using Fisher’ s protected least significant difference test. 
 * *Marketable yield data were square root transformed prior to analysis; non-transformed means are reported. 
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MUSTARD GREENS (Brassica juncea ‘Southern Giant Curled’)   S. A. Miller, J. R. Mera and F. Baysal  
 Downy mildew; Peronospora parasitica    The Ohio State University, OARDC 
 Powdery mildew; Erysiphe spp. 1680 Madison Ave. 
           Wooster, OH 44691 
 
Evaluation of fungicides for the management of downy and powdery mildews in mustard greens, 2006. 
 
 The experiment was conducted at the Ohio Agricultural Research and Development Center’s Muck Crops Agricultural Research 
Station in Celeryville, OH.  Fertilizer (N-P-K 18-17-17, 500 lb/A) was incorporated into the test field on 1 May.  ‘Southern Giant Curled’  
mustard seeds were sown on 26 Jun into 128-cell plug trays containing Metromix 360 seedling mix.  Plots were disked, rolled and raised 
beds were formed on 19 Jul. Seedlings were transplanted on 20 Jul.  Treatments were arranged in a randomized complete block design with 
four replications.  Each plot consisted of three 20 ft rows with 4 in. plant spacing and 18 in. row spacing.  Plots were separated by 6 ft. The 
insecticide Sevin XLR Plus (1 qt/A) was applied on 25 Jul, 16 and 31 Aug. Treatments were applied using a tractor mounted 3.0 hitch 
(hydraulic attach) motor driven sprayer (95 psi, 52.2 gal/A, 2 MPH) on a 7-10 day schedule beginning 3 Aug and ending 7 Sep for a total 
of five applications. Severity of powdery mildew was evaluated on 31 Aug and 8 Sep (8 Sep data reported) and downy mildew on 8 Sep 
using a modified Horsfall-Barratt rating scale. Average maximum temperatures for 20-31 Jul, Aug, and 1-8 Sep were 84.5, 82.3, and 
73.7ºF; average minimum temperatures were 65.3, 59.7, and 53.1ºF; and rainfall amounts were 1.49 and 1.67, and 0.26 in., respectively. 
Data were analyzed by ANOVA using SAS statistical software.  Means were separated using Fisher’ s protected least significant difference 
test. 
 This trial was established to evaluate products for downy mildew control, but downy mildew pressure was very low.  All of the 
treatments significantly reduced downy mildew severity compared to the untreated control.  Powdery mildew pressure was moderate, 
observed primarily on the lower leaf surface.  All of the treatments significantly reduced powdery mildew severity compared to the 
untreated control; the experimental fungicide A14576 SC alternated with Bravo Weather Stik was significantly more effective against 
powdery mildew than the other fungicide treatments.   
 

Treatment and rate/A (application timez) 
%  

downy mildewy 
% powdery 

mildew (upper) y 
% powdery 

mildew (lower) yx  
A14576 SC 6.84 fl oz (1,3,5,) 
  alt Bravo Weather Stik 1.5 pt (2,4)……………………………….. 

0.0 fw 0.3 e 0.5 g 

Tanos 50DF 8 oz + Manex 37F 1.6 qt + DPX-GFJ52 WG 0.8 lb 
(1,3,5) 
  alt Manex 37F 1.6  qt + DPX-GFJ52 WG 0.8 lb (2,4)…………… 

0.3 ef 2.4 cd 5.2 def 

Ranman 400SC 2 fl oz + Silwet L77 2 fl oz (1,3,5) 
  alt Bravo Weather Stik 1.5 pt (2,4)……………………………….. 

0.3 ef 1.5 de 3.9 f 

Kocide 2000 DF 1.5 lb + Manex 37F 1.6 qt (1-5)…………………. 0.3 ef 1.5 de 3.9 f 
Ridomil Gold Bravo SC 1.5 lb (1,3,5,) 
  alt Bravo Weather Stik 1.5 pt (2,4)………………………………. 

0.5 def 1.8 cde 4.8 ef 

Mandipropamid 8 fl oz + Silwet L77 0.125% V/V (1,3,5) 
  alt Bravo Weather Stik 1.5 pt (2,4)……………………………….. 

0.8 cde 3.1 bcd 9.0 bcd 

Tanos 50DF 8 oz + Manex 37F 1.6 qt (1,3,5,) 
  alt Manex 37F 1.6 qt (2,4)………………………………………... 

1.0 bcd 2.8 bcd 7.8 b-e 

Ridomil Gold Bravo SC 24 oz (1-5)……………………………….. 1.0 bcd 3.1 bcd 12.5 bc 
Ranman 400SC 2.75 fl oz + Silwet L77 2 fl oz (1,3,5) 
alt Bravo Weather Stik 1.5 pt (2,4)………………………………… 

1.0 bcd 3.5 bc 8.9 c-f 

Tanos 50DF 8 oz + Manex 37F 1.6 qt + Kocide 1.5 lb (1,3,5) 
  alt Manex 37F 1.6 qt + Kocide 1.5 lb (2,4)………………………. 

1.3 bc 2.8 bcd 6.1 c-f 

Manex  37F 1.6 qt (1-5)……………………………………………. 1.5 b 4.6 b 17.3 b 
Untreated control…………………………………………………... 2.4 a 8.4 a 38.0 a 
P value 0.0001 0.0001 0.0001 
zApplication times were:1= 3 Aug; 2= 11 Aug; 3= 18 Aug; 4= 30 Aug; 5= 7 Sep.  
yDisease rating based on the midpoint values of a modified Horsfall-Barratt rating scale where 1=0%, 2= 1-3%, 3= 4-6%, 4=7-12%, 5= 13-
25%, 6=26-50%, 7=51-75%, 8= 76-87%, 9=88-94%, 10= 95-97%, 11=98-99% and 12= 100% disease.   
xPercent powdery mildew lower data were log transformed prior to analysis; non-transformed means are reported. 
wValues are the means of four replicate plots; means followed by the same letter within a column are not significantly different at P" 0.05.    
Means were separated using Fisher’ s protected least significant difference test. 
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For more information on this report or to receive copies of this or similar publications, please contact: 
 
Dr. Sally A. Miller 
Professor 
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 
 
or 
 
Jhony R. Mera 
Research Assistant 
Department of Plant Pathology 
The Ohio State University-OARDC  Phone: 330 202-3555 ext. 2708 or 2702 
1680 Madison Avenue   FAX: 330 263-3838 
Wooster, OH 44691-4096   Email: mera.1@osu.edu 
 
 
 
 
Report is available on-line at: www.oardc.ohio-state.edu/millerlab 
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Appendix 1. 
 

 

Ohio State University Extension Fact Sheet 

Plant Pathology 

2021 Coffey Roa d, Columbus, Ohio 432 10
 

Hot Water and Chlor ine Treatment of Vegetable Seeds to 
Eradicate Bacter ial Plant Pathogens 
HYG-3085-05 

Sally A. Miller  
Melanie L. Lewis Ivey 

One of the ways plant pathogens are introduced into a crop is on seeds. Bacterial pathogens are 
particularly notorious for this means of dissemination. In general, the earlier a pathogen comes in 
contact with the crop, the greater the potential for a serious disease problem to develop. This is why it is 
very important to start with “clean” seed. Clean seed can be obtained by applying one of the treatments 
described below to kill bacterial pathogens on and/or within the seed. 

When treating vegetable seeds it is critical to follow the instructions exactly, as seeds may be damaged 
by the treatment and/or the pathogen may not be completely eliminated. In addition, old or poor quality 
seed can be injured by seed treatments. Therefore, it is recommended that a small sample be treated and 
tested for germination (see method below) prior to treating the entire seed lot. Treatments should be 
done on raw seed only, since the treatment will destroy any seed pelleting and will wash off any 
fungicide that may have been applied to the seed. If fungicide treated seeds are used, the fungicide 
washed off must be disposed of properly. After the treatment, seed may be treated with Thiram to 
prevent damping-off caused by various soilborne fungi. 

 

Hot Water Treatm ent  

Properly used, hot water treatment kills most bacterial disease-causing organisms on or within seed. This 
treatment is suggested for seeds of eggplant, pepper, tomato, carrot, spinach, lettuce, celery, cabbage, 
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turnip, radish, and other crucifers. Seeds of cucurbits (squash, gourds, pumpkins, watermelons, etc.) 
can be damaged by hot water and thus should not be treated.  

Instr uctions  

A. The following equipment and supplies are needed to hot water  treat vegetable seed.  
o Water bath (preferably two: one for pre-warming and one for treatment; Sources: Fisher 

Scientific Co., Thomas Scientific, VWR Scientific)  
o Thermometer  
o Cotton cloth, cotton bags, or nylon bags  
o Screen for seed drying  
o  

B. How to Hot Water  Treat Seed.  

Step 1: Wrap seeds loosely in a woven cotton bag (such as cheesecloth) or nylon bag. 

           

Step 2: Pre-warm seed for 10 minutes in 100°F (37°C) water. 

                     

 
Step 3: Place pre-warmed seed in a water bath that will constantly hold the water at the 
recommended temperature (see table that follows). Length of treatment and temperature of water 
must be exactly as prescribed. 

                     

 
 



 23 
 

 

Step 4: After treatment, place bags in cold tap water for 5 minutes to stop heating action.  

 

 
Step 5: Spread seed in a single, uniform layer on screen to dry. Do not dry seed in area where 
fungicides, pesticides, or other chemicals are located. 

           

 

Step 6: Dust seed with Thiram 75WP (1 tsp/1 lb seed) once the seed is completely dry. 

 

Water  temperature Seed 
°F °C 

Minutes 

Brussels sprouts, eggplant, spinach, cabbage, tomato 122 50 25 
Broccoli, cauliflower, carrot, collard, kale, kohlrabi, rutabaga, turnip 122  50 20 
Mustard, cress, radish 122 50  15 
Pepper 125  51 30 
Lettuce, celery, celeriac 118  47  30 
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Chlorine Treatme nt  

Chlorine treatment effectively removes bacterial pathogens on the seed surface. Unlike hot water 
treatment it does not eliminate pathogens within the seed. Chlorine treatment is recommended for both 
large- and small-seeded vegetables if the seeds have not been treated by any other method and the 
possibility of pathogens being carried inside the seeds is not a concern. 

Instr uctions 

A. The following equipment and supplies are needed to chlorine treat vegetable seed.  
o Chlorox (5.25% hypochlorite)  
o Surfactant (e.g., Activator 90 or Silwet)  
o Glass beakers or jars  
o Stirring stick  
o Screen for seed drying 

 

B. How to Chlorine Treat Seed.  

Step 1: Agitate seed in a solution of 25 oz Clorox plus 100 oz water with one teaspoon surfactant 
for 1 minute. Use 1 gallon of disinfectant solution per pound of seed (conversions provided 
below) and prepare a fresh solution for each batch. 

                     

 
Step 2: Rinse seed thoroughly in cold running tap water for 5 minutes. 
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Step 3: Spread seed in a single, uniform layer on screen to dry. Do not dry seed in area where 
fungicides, pesticides, or other chemicals are located. 

           

 

Step 4: Dust seed with Thiram 75WP (1 tsp/1 lb seed) once the seed is completely dry. 

 

 

How to Test for Se ed Germinat ion After  Hot Water or Chlor ine Treatme nt  

1. Mix seeds in each seed lot and count out 100 seeds per seed lot.  
2. Treat 50 of the seeds exactly as described in the fact sheet.  
3. After treated seeds have dried, plant the two groups of seeds separately in flats containing 

planting mix according to standard practice. Label each group as “ treated” or “untreated.”   
4. Allow the seeds to germinate and grow until the first true leaf appears (to allow for differences in 

germination rates to be observed).  
5. Count seedlings in each group separately.  
6. Determine the % germination in each group: # seedlings emerged ÷ # seeds planted x 100.  
7. Compare % germination in each group: they should be within 5% of each other.  

 

Conversions:  
8 oz = 1 cup 
16 oz = 1 pint 
32 oz = 1 quart 
128 oz = 1 gallon  

 
OSU Extension embraces human diversity and is committed to ensuring that all educational programs conducted by Ohio State University 
Extension are available to clientele on a nondiscriminatory basis without regard to race, color, age, gender identity or expression, disability, 
religion, sexual orientation, national origin, or veteran status. 

Keith L. Smith, Associate Vice President for Agricultural Administration and Director, OSU Extension TDD No. 800-589-8292 (Ohio 
only) or 614-292-1868 
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