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Controlling Transplant Height with Sumagic 
Erik Runkle 

Department of Horticulture, Michigan State University 
 
Introduction 
 Sumagic (Valent USA) contains the active ingredient uniconazole 
and is the only plant growth retardant registered for use as a foliar spray on young tomato, 
pepper, eggplant, groundcherry, pepino, and tomatillo plants.  The recommended label rate is 2 
to 10 ppm at a volume of 2 quarts per 100 sq ft of crop.  In addition, the cumulative amount of 
Sumagic may not exceed 10 ppm and the final application may not occur later than 14 days after 
the 4-leaf stage.  Based on previous experiments performed at Michigan State, Florida, and 
Kentucky, a suggested starting spray rate for tomato is 1.0 to 2.5 ppm.  However, these 
recommendations were based on limited data. 
 
Objective 
 To quantify how different rates and times of Sumagic foliar sprays influence stem 
elongation of four young vegetable transplant crops.  We did not evaluate subsequent effects on 
flowering or fruiting. 
 
Experimental Methods 

Seeds of eggplant ‘Little Fingers’, pepper ‘Lady Bell’, and tomato ‘Beefmaster’ and 
‘Early Girl’ were sown in 288-cell plug trays by Raker’s Acres in Litchfield, MI.  Seeds were 
sown in a peat-based growing medium and then delivered to Michigan State University (MSU), 
where they were grown in a greenhouse at a constant 68 °F.  Sumagic treatments were sprayed at 
a typical volume of 2 qt/100 ft2; see Table 1 for the experimental treatments.  Capsil was added 
as a surfactant at 16 oz/100 gallons to improve contact with plants and media.  For each species, 
one tray that was not treated with Sumagic was designated as a control (treatment 1).  Plugs were 
irrigated as needed with clear water from seed sow until 17 days after seed sow and then with a 
standard plug feed, which provided 62 ppm nitrogen at each irrigation. 

At 28 days after seed sow (tomato) or 31 days after seed sow (pepper and eggplant), 20 
seedlings from each treatment were transplanted into 4-inch round plastic pots containing a peat-
based medium.  Following transplant, plants were irrigated with 125 ppm nitrogen at each 
irrigation.  Plant height was 
measured at different times to 
document treatment effects. 

 
Results 
Eggplant ‘Little Fingers’ 
• There was little or no effect 

of Sumagic on plant height, 
although those treated with 
Sumagic had smaller 
leaves. 

• Rates greater than 5 ppm 
are likely required to 
suppress plant height. 

Table 1. Sumagic spray application times and rates to four vegetable 
seedlings at seed sow, after they had developed two true leaves (27 
days after seed sow), or both. 

Treatment Control 

At seed sow 

 

At 2 leaves 
(27 days after sow) 

1.25 
ppm 

2.5 
ppm 

5.0 
ppm 

1.25 
ppm 

2.5 
ppm 

5.0 
ppm 

1 X    

 

   
2  X      
3   X     
4    X    
5  X   X   
6   X   X  
7       X 
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Pepper ‘Lady Bell’ 
• A single spray at seed sow of 1.25 to 5.0 ppm controlled height until seedlings were ready 

for transplant at 31 days after seed sow (right). 
• Two sprays at 2.5 ppm or a single foliar spray at 5 ppm at 27 days after seed sow were 

effective at suppressing stem elongation at 2 and 4 weeks after transplant. 
 
Tomato ‘Beefmaster’ & ‘Early Girl’ 
• A single spray at seed sow at 

1.25 to 5.0 ppm suppressed stem 
elongation until seedlings were 
ready for transplant at 4 weeks 
after seed sow. 

• At 2 and 3 weeks after transplant 
of ‘Early Girl’, most Sumagic 
treatments still had an effect.  
However for ‘Beefmaster’, the 
two 2.5-ppm spray treatment was 
the only one that inhibited plant 
height at 2 weeks after transplant, 
and the response had diminished 
by 3 weeks after transplant. 

 
Conclusions and Precautions 

A Sumagic foliar spray applied 
when seedlings have developed their 
first leaves can be most effective.  A 
single Sumagic spray application at 2.5 
to 5.0 ppm for pepper and tomato and 
between 5 and 10 ppm for eggplant is 
suggested as a starting rate. 

Conduct your own small-
scale trials to determine appropriate 
rates for your growing conditions 
and varieties.  In addition, evaluate 
possible effects on flowering time 
and fruit size before making 
applications on a large scale.  For 
more information on PGRs, visit 
www.flor.hrt.msu.edu/PGRs. 
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New and Old Insect Pests of Tomatoes and Peppers 

Rick Foster, Department of Entomology  
Purdue University, W. Lafayette, IN 47907 

765-494-9572     rfoster@purdue.edu 

 

 Tomatoes and peppers are staples of most fresh market vegetable growers and both are also produced for 

processing in the Midwest. Both crops are attacked by a variety of insect pests when grown in the 

Midwest. Table 1 and 2 show the frequency and severity of several insect pests of tomatoes and peppers, 

respectively, in the Midwest. 

Table 1. Frequency and severity of insect and mite pests on tomatoes in the Midwest. 

Pest Frequency Severity 

Colorado potato beetle Periodic Moderate/Severe 

Hornworms Annual Low 

Fruitworm Annual Low-Severe 

Stink bugs Annual ? 

Aphids Annual Low 

Flea Beetles Annual Low 

Table 2. Frequency and severity of insect and mite pests on peppers in the Midwest. 

Pest Frequency Severity 

European corn borer Annual Low/Moderate 

Hornworms Annual Low 

Fruitworm/Earworm Periodic Low-Severe 

Stink bugs Rare ? 

Aphids Annual Moderate 

Flea Beetles Annual Low 

Colorado Potato Beetles 

Although Colorado potato beetles are an extremely serious pest of potatoes, they are generally not a 

problem in tomatoes and almost never in peppers. Both the adults and larvae feed on foliage and are 

capable of causing severe damage, but usually not to tomatoes. Potato beetles overwinter as adults and are 

not strong fliers, so if your tomato field is planted some distance (1/4 mile or more) from where potatoes 

were grown last year, it is unlikely that they will find your field early enough to cause problems. In small 

plantings, application of straw mulch shortly after planting can also reduce damage from Colorado potato 

beetles. This insect has the capacity to develop resistance to many classes of insecticides. In Indiana, most 

growers still achieve good results with pyrethroids and excellent results with the neonicotinoids. In 

Michigan, because of the greater acreage of potatoes, resistance is a more serious problem. Pyrethroids 

are much less effective than they used to be and the neonicotinoids are losing their effectiveness as well. 

Some of the insecticides with newer modes of action such as Coragen and Radiant should provide good 

control. 

 

mailto:rfoster@purdue.edu


Hornworms 

The sheer size and volume of foliage consumed by tomato and tobacco hornworms can attract a lot of 

attention for tomato and pepper growers. Fortunately, hornworm infestations are usually localized within 

a field and the larvae are fairly easy to control. Hornworms can reach 4 inches long and feed on foliage 

and green fruit. The damage they cause on a single plant or small area of plants can be devastating but an 

entire field is rarely infested. Hornworms can be controlled with many insecticides. 

Last year I reported that our research in high tunnels showed that hornworms were just as serious a pest, 

if not more serious, on tomatoes grown in high tunnels compared to field grown tomatoes. These results 

were met with some skepticism since popular literature suggested that insect pressure would be reduced 

in high tunnels. Our second year of research has confirmed our first year findings. 

 

 

Table 3.  Mean populations of hornworms in high tunnels compared to populations in companion field 

plots, Lafayette IN, 2010-11. 

European Corn Borer 

As its name implies, the European corn borer prefers to feed on corn. However, corn borers can also be a 

serious pest of peppers, tunneling into the fruit, often under the cap so that it is hard to detect an infested 

fruit. Corn borers usually do not affect tomatoes, but can sometimes be a problem, especially in 

processing tomatoes, on late maturing fields when temperatures have been warm enough to result in a 

third generation of corn borers. However, in Indiana, we have not had a significant third generation of 

corn borers since 1991. In addition, in most corn growing areas, the majority of field corn has been 

genetically modified to produce Bt toxins that control corn borers. Since corn is their preferred host, this 

has resulted in a dramatic drop in the overall population of corn borers. As a result, corn borer is no 
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longer the serious pest in those areas that it once was. Corn borers can be controlled with a wide variety 

of insecticides, with the pyrethroids providing excellent control at low cost. 

Tomato Fruitworm/Corn Earworm 

Like the European corn borer, the preferred host of the tomato fruitworm/corn earworm is corn. However, 

this insect is an important pest of tomatoes and occasionally peppers. Some parts of the Midwest have a 

small overwintering population of fruitworms that emerge in June, but this is generally too early to cause 

damage because tomatoes don’t yet have fruit for the larvae to attack. The second generation will emerge 

in late July/early August and be a serious threat to tomato fruit. In addition, most of our fruitworms later 

in the season come from moths that are blown up to the Midwest from southern regions on weather fronts. 

Especially when there is tropical storm activity in the Gulf of Mexico, counts of fruitworms in pheromone 

traps can go from very low to very high in a matter of days. Therefore, it is important to maintain a 

fruitworm/earworm pheromone trap so that you will know when these migrations occur.  

Aphids 

Several species of aphids will attack tomatoes. Aphids are unusual because during most of the year all of 

them are females. They reproduce without mating and produce live young, so they can increase in 

numbers very rapidly. Aphids are usually kept at reasonably low numbers by a variety of natural enemies, 

including parasitic wasps, lady beetles, lacewings, and syrphid fly larvae. Aphids are seldom a serious 

problem in field grown tomatoes unless natural enemies have been killed by insecticides. Aphids tend to 

be more problematic in tomatoes grown in greenhouses or high tunnels. One important mortality factor 

for small insects like aphids is rainfall, which can wash them off the plant. In high tunnels, that mortality 

factor is eliminated, which allows aphids to flourish. There are a number of insecticides that will provide 

good to excellent control of aphids. 

Flea Beetles 

Flea beetles are small insects that get their name because of their ability to jump long distances, like fleas. 

Adult flea beetles chew small holes in leaves. This damage usually occurs early in the growing season 

when plants are small. While flea beetles are present every year, they rarely reach levels that cause 

significant losses. Flea beetles can be easily controlled if necessary with Sevin, pyrethroids, or a number 

of other insecticides.  

Stink Bugs 

There are several species of native stink bugs that can be important pests of both tomatoes and peppers. 

Stink bugs use their sucking mouthpart to pierce the fruit. These feeding sites will later form corky or 

discolored spots on the fruit, making them less desirable for consumers. The puncture wounds can also 

serve as entry points for plant pathogens. Stink bugs tend to be more serious problems on the edges of 

fields, especially if there are weedy areas nearby. Weedy fields also are more prone to stink bug injury. 

Stink bugs can be controlled with endosulfan (being phased out) and some of the pyrethroids (not Asana). 

One of the most serious threats to Midwest vegetable production in many years is the brown marmorated 

stink bug. This relatively new invader has had devastating impacts on fruit and vegetable production on 

the eastern seaboard. They have been found in many of the Midwest states but have not yet built up to 

numbers sufficient to be problematic in vegetable fields. Within the next 2-3 years, we expect this pest to 

become a serious problem in Indiana and Michigan. In Indiana, we caught our field brown marmorated 

stink bug in late 2010. Since then we have found it in 6 counties spread around the state. We conducted 

an extensive trapping program for BMSB in 2011 but caught none in our traps. There were no confirmed 

cases of BMSB causing damage in fruits and vegetables in Indiana in 2011. Several reported findings 

turned out to be false alarms. This insect can reach extremely high numbers and are difficult to control 

with many insecticides.  

For more information see: Vegetable Insect Management edited by Rick Foster and Brian R. Flood. 

Available at http://meistermedia.com/store/mpro.html.  

http://meistermedia.com/store/mpro.html


Managing Bacterial Diseases of Tomatoes and Peppers 
 

Dr. Sally A. Miller 
The Ohio State University, Ohio Agricultural Research and Development Center, 

Department of Plant Pathology, Wooster, OH, 330-263-3678 

 

While bacterial diseases have caused problems for tomato and pepper growers in the Midwest for many 

years, recent wet springs and frequent summer thunderstorms in many growing areas have contributed to 

a high incidence of these diseases.  The most common and important bacterial diseases in the Midwest, 

bacterial spot, bacterial speck and bacterial canker, are also seedborne, so management has to start before 

seeds are planted in the greenhouse.  Once these diseases become established in the field, it is not possible 

to control them under conditions that are favorable for the disease, the most critical of which is an 

overabundance of moisture.  Other bacterial diseases that are not seedborne and can be problems are pith 

necrosis and bacterial soft rot.  Bacterial wilt, a devastating disease of tomato, pepper and eggplant, is a 

problem in subtropical and tropical regions, including the southeastern U.S.  It is rare in the Midwest, and 

where it has occurred it was introduced on seedlings from the southeast.  The pathogen that causes 

bacterial wilt does not survive cold winters. 

Bacterial spot.  This is a disease favored by higher temperatures and high moisture. It can cause 

defoliation and deep fruit spotting on tomatoes and peppers.  Fruit lesions vary in size but are generally 

larger, deeper and rougher to the touch than bacterial speck lesions (Fig. 1).  In the Midwest the disease 

on tomatoes is caused by up to four species of Xanthomonas, including X. gardneri, which is causing 

serious losses in processing tomatoes.  There are no commercial tomato cultivars resistant to bacterial 

spot.  However, there are many bacterial spot-resistant varieties of peppers available commercially. 

 
                A     B   C   D  E  

Figure 1. Tomato seedling (A) and fruit (B,C) with bacterial spot; pepper plant (D) and fruit (E) with bacterial spot. 

  

Bacterial canker.  This is one of the most damaging diseases of tomatoes – the symptoms include foliar 

and stem necrosis, fruit spots, stunting, wilting, small fruit size and plant death (Fig. 2).  It also occurs in 

peppers, although so far the disease is relatively rare and apparently not as serious as in tomatoes.   

 
  A    B   C   D 

Figure 2. Tomato leaves with typical necrosis (firing, A) and bird’s-eye fruit spots (B) caused by bacterial canker; 

canker symptoms on pepper leaves (C) and fruit (D).  



Bacterial speck.  This is a disease of tomatoes only. It is favored by cool moist conditions and therefore is 

more often found early in the season and in cooler years than in hot conditions. Foliage symptoms are 

typically brown necrotic lesions surrounded by a chlorotic halo.  It is difficult to distinguish between 

bacterial spot and bacterial speck based on foliar symptoms.  The diagnostic symptom of bacterial speck 

is the presence of small dark round lesions on the fruit, smaller and flatter than those of bacterial spot.  

The spots are not deep and generally do not interfere with tomato peeling.  

 
Bacterial brown spot.  The pathogen that causes this disease on peppers is similar to the bacterial speck 

pathogen of tomato, and is also seedborne.  This pathogen causes only minor damage on tomatoes but can 

cause yield loss in susceptible pepper varieties under cool wet conditions.  Foliar symptoms are similar to 

those of bacterial spot, except that defoliation is not common. Peppers may recover from mild to 

moderate outbreaks of the disease under pronged periods of hot weather (see Fig. 4). 

 
Bacterial soft rot and pith necrosis.  These diseases are not seedborne and are caused by bacteria 

commonly present in the environment.  They generally enter plants through wounds and are enhanced by 

high nitrogen levels in plants and excessive moisture conditions.  In peppers, soft rot follows damage 

caused by corn borers and other insects that feed on pepper fruit.  Fruit become soft and greyish in color, 

eventually drying and shriveling (Fig. 4).  Infected tomato tissues also become black and slimy. Tissues 

with soft rot typically have the odor of rotting potatoes.  Pith necrosis is caused by several different 

bacteria, including the typical soft rot pathogens.  Tomato plants with stem necrosis are stunted and often 

wilt and die.  The diagnostic symptom is the dark brown-black discoloration of the pith; distal pith tissues 

are often “laddered” (Fig. 4). 

 
 A   B    C             D 

Figure 3. Bacterial soft rot of pepper fruit (A) and tomato stems (B); pith necrosis of tomato stem (C); pith 

“laddering” in tomato stem with pith necrosis (D). 

 

 

The 6-Step Integrated Bacterial Disease Management Program 

 

1. Use Clean Seed  

The first step in prevention of bacterial diseases is to exclude pathogens from the crop.  Obtaining clean 

seeds should be a first priority.   If seeds are purchased, they should be obtained from a reputable 

producer with a good track record for selling high quality seed.  Ideally, the producer will have tested a 

sample of the seeds for the presence or absence of bacterial pathogens.  If they have been tested and the 

results are negative, there is a relatively low risk that the pathogen may be present.  If they have not been 

tested, seeds should be treated to kill any bacteria on the surface.  If seeds are saved by the farmer from 

the previous year’s crop or obtained from a source with an unknown track record, they should always be 

treated.  Clorox and hot water seed sanitizing protocols can be downloaded from: 

http://ohioline.osu.edu/hyg-fact/3000/3085.html.  

 

 



2. Choose a Resistant Variety 

 A number of varieties of bell and other pepper types resistant to the common races of the bacterial leaf 

spot pathogen are available (see http://vegetablemdonline.ppath.cornell.edu/Tables/PepperTable.html). 

Resistance to bacterial spot does not imply resistance to bacterial brown spot/speck.  Ohio State 

University research has shown that some varieties highly resistant to bacterial spot are very susceptible to 

brown spot.  Varieties least susceptible to brown spot in our tests include ‘Paladin’ and ‘Karisma’ sweet 

bell and ‘Rebelde’ and ‘Tajin’ hot peppers (Fig. 4). The varieties ‘Red Knight”, ‘King Arthur’ and 

‘Socrates’ are very susceptible to bacterial brown spot.  Since bacteria are capable not only of rapid 

reproduction but also rapid change and adaptation, resistant varieties should never be the sole means of 

disease management, no matter how tempting it may be to rely on this management strategy alone. 

Resistance to bacterial diseases is not widely available in tomatoes. 

 
Figure 4. Resistance of pepper varieties to bacterial brown spot. 

 

3. Use Pathogen-Free Transplants  

The greenhouse environment in which seedlings are produced, if not managed properly, is highly 

conducive to bacterial diseases.  Bacteria present on only a very small number of seeds (e.g. 1 in 10,000) 

can become a significant threat in some greenhouses.  The following practices will reduce the threat of 

bacterial diseases: 1) use of new or sanitized plug trays or flats and pathogen-free mixes, 2) sanitizing 

equipment, installing solid flooring and raising trays from the floor, 3) limiting movement of personnel 

and equipment between greenhouses, 4) cleaning benches and greenhouse structures thoroughly after the 

crop; and 5) prohibiting exotic or experimental pepper or tomato varieties, or plants from saved seed, in 

the same greenhouse with commercial seedlings unless all seeds are treated.  Since bacterial disease 

development and spread is promoted by wet conditions, relative humidity should be low, air circulation 

should be high and plants should be watered only enough to ensure growth and minimize the risk of 

drought stress.  Surface water (from ponds, lakes, rivers, etc.) or re-circulated water should never be used 

to irrigate seedlings unless it has been treated (e.g. ozone, chlorine) and is tested regularly to assure that 
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bacteria are killed.  Seedlings should be sprayed with streptomycin and/or a copper bactericide on a 7-day 

schedule prior to planting.  Farmers who purchase transplants from others should ask about their 

management practices, and visit them during transplant production, if possible. 

 

4. Choose the Best Site and Rotate 

Crop rotation is an important strategy that not only reduces disease problems but also affects weed, insect 

and nutrient management. Crop rotation should be done among crop families; peppers, tomatoes, 

eggplants, and potatoes are solanaceous plants.  Plants in the same crop family often share the same or 

related pathogens, and thus should never be used as rotational crops with each other.  For bacterial leaf 

spot management, a relatively short rotation of two years out of solanaceous crops is adequate.  However, 

longer rotations are needed for bacterial speck, brown spot and canker.  Site factors that minimize 

opportunities for bacterial disease development include good drainage and good aeration.  

 

5. Use Appropriate Cultural Practices  

There are a number of cultural practices that can help to improve overall plant health and also reduce 

disease development.  Our research has shown that increasing the organic matter content of soil not only 

improves crop growth and yield, but may also reduce some diseases.  Organic amendments such as high 

quality compost and manures should be considered if available within a practical distance from the farm.   

Organic amendments are best applied in the fall or early spring to allow leaching of excess salts and 

destruction of pathogens. Care should be taken with any fertilizer program to avoid excessive nitrogen, 

which can increase plant susceptibility to soft rot and pith necrosis.  Irrigation should be carefully 

controlled to minimize the time that plants are wet.   

 

6. Use Crop Protectants as Needed  

Bactericides are usually ineffective in stopping established bacterial diseases under favorable 

environmental conditions.  Copper bactericides alone or mixed with mancozeb or other EBDC fungicides 

can be applied on a 5-14 day schedule after transplants are placed in the field.  The plant activator 

Actigard is effective in reducing bacterial diseases and should be part of the disease management 

program.  If the other steps in the integrated disease management program have been followed, however, 

the need for bactericides is significantly reduced.  Insecticides may be required to control Europen corn 

borer and other insects that damage pepper fruits, leading to bacterial soft rot. 

 

 

 

 

  



Foliar Diseases and Fruit Rots 

Dr. M.K. Hausbeck (517-355-4534) 
Michigan State University, Department of Plant Pathology, East Lansing, MI 

 

Introduction: Tomato production in the Great Lakes region includes both fresh market and processing 

types of production.  Each production type has reoccurring problems with foliar blights and fruit rots.   

The tomato foliage and the developing fruit are susceptible to fungal and bacterial pathogens which can 

cause complete yield loss if left unmanaged.  These diseases can defoliate the plants resulting in yield loss 

and also infect the fruit with unmarketable blemishes.  Bacterial disease can pit the tomato fruit skin 

which makes it difficult to peel the fruit for processing. Control of these foliar and fruit diseases can be 

challenging as the pathogens are favored by warm and humid weather which is common in the Great 

Lakes region.  Many of the pathogens can be seedborne and start in transplant greenhouses where the 

disease may go undetected until established in the production field.  

 

Fungal Diseases:  The most common fungal diseases in the Great Lakes tomato production region are  

early blight (Alternaria solani.), Septoria blight (Septoria lycopersici), late blight (Phytophthora 

infestans), and anthracnose (Colletotrichum coccodes).  It is common for both the early and late blight to 

infect both the foliage and fruit.  Septoria only causes foliar blight while anthracnose primarily forms a 

fruit lesion on reipening fruit.  Rhizoctonia solani can cause a rot on the fruit when it is exposed to 

splashing soil or comes into direct contact with the soil.   

 The first management practice is to use disease free transplants to establish production fields.  

Proper sanitation of the greenhouse, benches, trays, and planting equipment can help limit new infections 

on young plants.  Avoid overwatering the young transplants and try to keep the greenhouse dry and vent 

out humid air when possible.  Applications of fungicides registered for greenhouse applications can help 

limit the amount of fungal infections on the transplants.    

 Field plantings should utilize a program of crop rotation to reduce initial disease inoculums that 

can survive on tomato plant debris from a previous crop.  Avoid planting in the same field several years 

in a row in order to break the disease cycle.  Keeping leaf wetness moisture to a minimum can also help 

reduce disease in a field planting.  Try to avoid irrigation events that prolong wet foliage into the evening 

or early in the morning.  There are many effective fungicides that can control the various fungal diseases 

(Table 1).  Starting fungicide applications before disease is established is more effective than waiting 

until an epidemic starts.  Adjust the amount of GPA (gallons per acre) to maximize coverage of all the 

foliage and to avoid runoff of the spray mixtures.  Use proper nozzles for the GPA selected for the 

fungicide application that will ensure proper coverage and the right spray droplet size for maximum 

coverage. 

 

Bacterial Diseases: Bacterial spot, bacterial speck, and bacterial canker of tomato appear regularly in 

Michigan.  Each disease can affect plant productivity, reduce yield, and/or cause fruit disorders.  Disease 

management is similar for all three diseases.  First, tomato transplants must be disease-free.  This may be 

accomplished by using disease-free seed grown under a strict sanitation regime in the greenhouse. 

 Bacterial speck is probably one of the easiest bacterial diseases to identify.  Small dark-brown 

spots occur on the leaves with each spot surrounded by a yellow “halo.”  Typically just a few plants 



within a flat show symptoms initially.  Although bacterial speck may not produce the panic that the other 

bacterial diseases do, speck can result in significant yield losses if the blossoms become infected. 

Bacterial spot on transplants is not as easy to identify as bacterial speck.  Bacterial spot results in 

larger spots or blotches on the leaves and stems than bacterial speck.  The spots may have tan centers and 

are a maximum of ¼" in diameter.  However, some years these spots/lesions may be very dark in color.  

Michigan growers can experience significant yield losses and devastating fruit spotting due to bacterial 

spot. 

 

Table 1.  Efficacy of registered fungicides/bactericides based on MSU research studies. 

Chemical Active ingredient 

Early 

blight 

Late 

blight Septoria Anthracnose 

Bacterial 

diseases 

Bravo, Equus, 

Echo 

chlorothalonil 

  B+ A A A NA 

Manzate, Dithane mancozeb B C B B NA 

Quadris, Flint, 

Cabrio,  

stroblilurin 

A B A A NA 

Endura boscalid A D NA B NA 

Kocide, Champ copper hydroxide C C C C B 

Tanos famoxadone/cymoxanil C B NA NA C 

Oxidate hydrogen dioxide NA NA NA NA NA 

Serenade Bacillus spp D NA NA NA D 

Actigard acibenzolar-s-methyl NA NA NA NA B 
*A= Excellent control of the disease, B=Good to fair control, C=Fair control, D= Poor control, NA= Not advisable or no control. 
 

 Symptoms of bacterial canker on tomato depend on the age of the plant when infected and 

weather conditions.  When infected at a young age, plants can wilt and die.  Less severe infections on 

transplants include blistering on the petiole and browning on the mid vein.  Infected transplants can also 

appear healthy and not show symptoms.  On older infected tomatoes, sometimes the leaflets wilt on one 

half of the petiole, while the other leaflets remain healthy.  Cankers can occur on stems and often occur 

after wilting is seen.  There can also be browning of the leaves, especially around the margins; this is 

commonly referred to as the “firing stage” of the disease.  When the stem of an infected plant is cut open, 

a slight browning or discoloration of the internal tissue is often seen; internal tissues of advanced cases 

are greatly deteriorated and cavities are formed.  Infected fruits have “birds-eye” spotting which starts as 

small, white dots.  As the spots get larger, the centers die and turn dark, giving a “birds-eye” effect.  

Plants infected with bacterial canker do not always show these fruit lesions.  While it may be difficult to 

diagnose bacterial canker based on any one symptoms (except birds-eye lesions), when two or more of 

these symptoms appear in a plant, they are likely the result of bacterial canker infection and identification 

should be made through isolation of the bacterium. 

 Plants showing symptoms of bacterial disease and those immediately adjacent to the infected 

plants should be immediately removed from the greenhouse and destroyed.  In some situations, all of the 

plants will have to be destroyed.  Unfortunately, if the disease begins in a flat that is too far from the 

walkway to be seen easily, the disease may go undetected until several flats are severely infected.  

Although epidemics may seem to appear overnight, chances are it had rather humble beginnings in just a 

few plants and simply progressed unnoticed for several weeks.  Plug sheets containing infected 

transplants should not be reused.  Removing infected transplants from the greenhouse is the most critical 

component of managing bacterial diseases once they’ve been introduced.  Planting diseased transplants 

into the field ensures that the disease is established early with the greatest potential for yield and quality 

reduction if the environment favors the disease.  Planting infected plants in low tunnels can result in very 

early defoliation. 



Tomato plantings should be rotated.  Do not include any other solanaceous crop such as pepper in 

your rotation program.  Although it is widely thought that the bacteria cannot live in the soil, they can 

survive on tomato debris, especially debris on the soil surface.  Two to three years is a rule of thumb to 

allow such tomato debris to break down.  Weeds, especially solanaceous weeds such as nightshade and 

horsenettle, should be controlled around the fields.  Although it is suspected that the bacteria that cause 

disease on tomatoes survive on weeds, the importance of weeds as a source of inoculum is not known. 

 Once a greenhouse or field is contaminated with bacteria, steps must be taken to assure that future 

crops remain disease free.  If a greenhouse is contaminated, remove all plant material from the 

greenhouse (including weeds and dead plant tissue on the floor), wash and disinfect floor surfaces, hoses, 

equipment, etc. with a 10% solution of bleach or a commercial disinfestant (GreenShield is an example).  

Wooden structures such as benches or trays should be soaked in a disinfestant such as bleach (10%) or 

GreenShield for a minimum of an hour and preferably overnight.  A simple washing of wooden surfaces 

is inadequate because of the cracks and crevices that may allow the bacteria to escape a surface wash.  

Bacteria that overwinter on a wooden surface may be carried to the plants in water droplets next season 

during the splashing of overhead irrigation. 

 A contaminated field should be rotated out of tomatoes for at least three years.  At one time it was 

believed that a rotation of at least five years was necessary, however, it is now known that the level of 

bacteria in a contaminated field drops dramatically after the first year of rotation.  Any equipment used in 

the problem field should be washed and disinfected prior to entering a clean field.  Equipment and 

workers should begin work in the cleanest field and finish with the contaminated field. 

 Copper sprays every five to seven days may help reduce the spread of bacterial canker.  However, 

if the environment is favorable for bacteria (75-90ºF with rain) coppers may be limited because the 

bacteria have a decided advantage in a wet environment. 

 Avoid working in a diseased field when it is wet to avoid spreading the disease.  Bacteria may 

enter the plant through natural openings, or wounds created by wind, pesticide spraying or insects.  A film 

of water on the leaf surface allows the bacteria to remain viable and move.  If workers are moving within 

a wet field and creating new wounds on the plants, new infections are likely.  If plants have been staked, 

all stakes should be treated as discussed previously for wooden trays and benches. 

  Copper or copper/mancozeb mixes have been used in an attempt to control bacterial diseases.  To 

maximize the benefit, copper sprays should be applied soon after planting in the field and frequently 

(every 5 days) during wet weather.  Although growers commonly express concern about applying copper 

during bloom, it is thought that infection of the bloom may result in subsequent fruit symptoms.  Studies 

from research plots suggest that copper applications during bloom do not decrease yields. 

 

Bacterial Canker – MSU Research Results 

Field Bacterial Canker Research:   Tomato ‘Mountain Spring’ plants were hand-transplanted following 

a fresh market planting design and drip irrigation was provided.  The beds were 2 ft wide, 6 in. high and 

50 ft long with rows spaced at 5.5 ft apart.  Each row comprised of two treatments, 22.5 ft long with a 5-ft 

section in the middle that was reserved for inoculated plants.  Treatments consisted of Kocide 2000 

(copper hydroxide) at 2 lb/A, OxiDate (hydrogen dioxide) at 4 pt/A, Tanos (famoxadone and cymoxanil) 

at 0.5 lb/A alternated with Kocide 2000 (copper hydroxide) at 1.5 lb/A, Actigard (acibenzolar-S-methyl) 

at rates of 0.02, 0.03, and 0.05 lb/A with remaining applications at 0.05 lb/A alternated with Kocide 2000 

at 1.5 lb/A; untreated control.  Treatments were applied preventively and then reapplied every 5 days 

through the growing season.  All treatments received alternating Bravo WeatherStik (chlorothalonil) at 

1.5 pt/A and Manzate (mancozeb) at 2 lb/A applications to prevent fungal infections and were applied at 

the same time as the bactericidal treatments.  All treatments were sprayed from the center of the row 

outward to encourage natural spread of disease from the inoculum source.  



 In our study, bacterial canker spread 18 feet in 3 weeks.  Bacterial canker was lower for the 

Actigard-, Kocide 2000- and Tanos-treated plants compared to plants treated with OxiDate or the 

untreated diseased plants, but numbers may not be statistically different (Table 2).  Foliar disease 

symptoms of OxiDate-treated plants were statistically similar to the untreated diseased plants.  Actigard 

and Kocide 2000 offered superior control of bacterial canker foliar symptoms compared with either 

OxiDate or the untreated diseased plants.  Tanos alternated with Kocide 2000 effectively suppressed 

disease symptoms and was shown to be helpful in managing bacterial canker. 

 

Table 1.  Field evaluation of bactericides for bacterial canker symptoms. 

Treatments  Leaf blight (%)
z
 Wilting of leaves

y
 Plant vigor

x
 

Untreated control .........................  30.00  a
w
 69.75 a 5.00 a 

OxiDate .........................................  40.00  a 72.75 a 4.00 a 

Kocide 2000 ...................................  10.00   bc 40.25  b 7.25  bc 

Tanos alternate Kocide 2000 .......  21.25   b 18.25 ab 6.00  b 

Actigard alternate Kocide 2000 ..  7.50   c 18.25  b 8.00   c 
zPercent of leaf exhibiting marginal leaf necrosis. 
yThe number of strikes exhibiting unilateral wilting over a 22.5 ft treatment row. 
xOverall plant vigor was rated on a 1 to 10 scale with 10=a completely disease free plant, 8=showing <10% marginal necrosis 

and/or minor unilateral wilting; 6=increased marginal leaf necrosis but <30% and/ or moderate unilateral wilting; 4=increased 

marginal leaf necrosis but less than <50% and/or severe unilateral wilting; 2=increased marginal leaf necrosis but less than <70% 

and/or entire plant showing unilateral wilting symptoms; and 1=dead plant. 
wDifferent lower case letters within the same column denote statistical difference (P<0.05). 
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