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Keeping the Spots, Blights and Root Rots Out of 
the Greenhouse 

 
Dr. Mary K. Hausbeck, 517-355-4534 

Michigan State University, Department of Plant, Soil & Microbial Sciences, East Lansing, MI 
 
 

 Disease prevention through sanitation and good growing practices along with prompt diagnosis 

are key components in vegetable seedling production because there are relatively few fungicides 

registered for controlling diseases on these crops (see Table 1). 

 

 Damping-off (caused by Pythium spp., Phytophthora spp. and Rhizoctonia sp.) affects all 

vegetable seedlings and is also common among flowering bedding plants.  Damping-off results in 

collapse of the plant at the soil surface.  Avoid overwatering because some fungi that cause damping-off 

prefer wet conditions.  Examples of fungicides for damping-off include: Terraclor 75WP, SoilGard 12G, 

Cannonball, Mycostop, Actinovate, and Omega. 

 Good sanitation is the key and ensures that root rot problems from one crop are not carried over 

to another crop.  Root rot pathogens survive in the greenhouse in soil particles or plant parts clinging to 

containers, benches, walkways, and equipment.  If root rot occurs, remove and destroy the diseased 

plants.  Also, remove healthy-appearing plants that are immediately adjacent to the dead plants because 

the disease may have already spread to them although they are not yet showing symptoms.  Plug sheets 

containing diseased transplants should not be reused. 

 

 Botrytis gray mold can infect all vegetable transplants causing an irregular brown spotting or 

“blight” of leaves and stem cankers.  This is the same Botrytis that infects a wide range of floriculture 

crops producing gray masses of powdery spores.  In vegetable transplants, Botrytis is a threat when plants 

grow and form a canopy of leaves keeping the relative humidity high which favors disease.  Since the 

fungus that causes gray mold depends on water to germinate on the plant surface, increasing air 

circulation through fans and reducing the relative humidity by venting or heating (depending on outside 

temperatures) will help prevent condensation of water on plant surfaces and thereby reduce the 

occurrence of gray mold.  Watering early in the day will help ensure that the plants dry by evening, 

reducing the occurrence of disease.  Examples of fungicides for Botrytis control include: Catamaran, 

Decree 50WDG, mancozeb-based products, Iprodione 4L, and Veranda O. 

 

 Alternaria blight is caused by a fungus of the same name and causes leaf spotting and a stem 

canker on tomato and other vegetable transplants in the greenhouse.  This disease is not as common as 

gray mold, but can be destructive when conditions are wet and the foliage is dense.  Often, Alternaria 

blight does not become a problem until the plants are held in the greenhouse for an extended period of 

time due to a delay in planting, shipping or selling.  Examples of fungicides for Alternaria blight include: 

Catamaran, mancozeb-based products, Tanos, and Scala. 

 

 Bacterial diseases can infect tomatoes and peppers resulting in blighting.  Not all of the spots or 

blights that affect the foliage are caused by fungal pathogens.  It is important to distinguish between spots 

caused by fungi and bacteria because disease management may differ.  On tomato transplants, three 
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bacterial diseases can be problems and include bacterial canker, bacterial speck, and bacterial spot.  

Peppers are only affected by bacterial spot.  Of the bacterial diseases that cause problems on tomatoes, 

bacterial speck is probably the easiest to identify because of the small, dark-brown spots surrounded by a 

yellow “halo” that occur on the leaves.  Bacterial spot that occurs on tomato and pepper is not as easy to 

identify and results in spots or blotches on the leaves and stems.  These are larger than those caused by 

bacterial speck.  Symptoms of bacterial canker on tomato transplants include small, tan “blister-like” 

lesions on the leaves and petioles and progress to form brown streaking and cankering.  A diagnosis from 

a pathologist in a diagnostic clinic is often warranted to separate symptoms of bacterial diseases from 

symptoms caused by fungi or other causes. 

 Tomato plants with bacterial diseases should be immediately removed from the greenhouse and 

destroyed.  In addition, tomato seedlings immediately adjacent to those showing symptoms should also be 

removed and destroyed even if they appear healthy.  In some situations, all tomatoes within a block or 

greenhouse will have to be destroyed depending on the severity of disease and whether it was diagnosed 

at the onset of symptoms or much later.  Although epidemics may seem to appear overnight, chances are 

it began in just a few plants and progressed unnoticed for a couple of 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.  

 Bacteria move readily in a film of water and can spread through splash droplets.  It is important, 

therefore, to water plants early enough in the day to ensure that the foliage dries completely by evening.  

Good ventilation, circulation, and low relative humidity are also important in helping to maintain dry 

foliage.  Clipping, pruning, or any other type of injury provides a means for the bacteria to enter the plant 

and should be avoided.  The spread and increase of the bacteria are favored by the wet and humid 

greenhouse conditions and the close transplant spacing.  Multiplication and spread of the bacterium is less 

likely in the field because of the lowered relative humidity and increased plant spacing.  It is more 

economical and efficient to spray transplants while in the greenhouse than to spray plants once placed in 

the field.   

It has been our observation that establishing a field with transplants that are infected with bacteria 

can result in devastating yield losses.  Transplants can be infected while in the greenhouse, yet appear 

healthy at the time of planting in the field.  For tomatoes, applying a copper hydroxide product alone or in 

combination with a mancozeb fungicide at five-day intervals to transplants in the greenhouse once true 

leaves have emerged may be helpful.  The efficacy of the copper fungicide may be enhanced by mixing it 

with a mancozeb-based fungicide, but this has not been proven.  Although mancozeb does not have any 

action against bacteria, the combination of mancozeb + copper is considered by some to provide a 

synergistic action against these bacteria.  This combination would also provide some control of the foliar 

diseases caused by fungi (such as Botrytis and Alternaria).  While Agri-mycin alone or in combination 

with copper hydroxide has also been effective in our studies, this product does not list greenhouse on its 

label.  However, current interpretations indicate that this product can be used on seedlings in the 

greenhouse since the label does not prohibit this use.  We have not determined whether a 7-day interval of 

bactericides affords the same protection as the 5-day application interval that we tested.  Applications of 

copper hydroxide or Actigard to transplants once in the field may be helpful in reducing fruit spotting. 

 Unfortunately, some bacteria that occur in Michigan’s tomato fields have become resistant to 

both copper and streptomycin.  Without laboratory testing, it is not possible to know whether the bacteria 

will respond to the copper and/or the streptomycin.  This emphasizes the importance of cultural controls 

such as keeping the foliage dry and keeping the relative humidity as low as possible while transplants are 

in the greenhouse. 

 

 Impatiens necrotic spot virus (INSV) should be a primary concern of all growers who raise 

both vegetable transplants and flowering plants.  This virus infects a large number of plant species and 

occurs frequently in bedding impatiens, New Guinea impatiens, dahlia, cineraria, cyclamen, gloxinia, and 

buttercup.  This virus moves from infected flowering plants to healthy vegetable seedlings via western 

flower thrips.  A grower may not know that plants are diseased because the expression of symptoms may 
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be slow.  Meanwhile, if western flower thrips are present, the disease can be spread throughout the 

greenhouse.  It is advisable, therefore, to keep vegetable and ornamental bedding plants separated within 

the greenhouse. 

 

  

Below, Table 1 lists products that are labeled for use in transplant production.  NOTE:  This information 

is a guide only and is not intended to replace the specific product labels.  Always read the label and 

follow all instructions closely.  Inclusion of a product in this table does not mean that it is recommended 

for use, but rather indicates that it could be used according to current label interpretations.  Also be 

advised that states may differ in their registration of these products so do your homework before putting 

together a fungicide strategy. 

 

Table 1.  Products labeled for use for use in transplant production.  
*
Greenhouse use is not prohibited on 

the label of products marked with an asterisk (
*
).  

Product Active ingredient Crops 

Actigard
*
 acibenzolar-S-methyl 

brassicas, cucurbits, lettuce, 

spinach, tomato 

Actino-Iron, Actinovate AG, 

Actinovate SP 
Streptomyces lydicus vegetables 

Ag Streptomycin
*
, Agri-mycin 17

*
, 

Bac-Master
*
, FireWall 17WP

*
 

streptomycin sulfate pepper, tomato 

Agri-fos Systemic Fungicide
*
, Alude, 

Exel LG Systemic Fungicide
*
, 

Fosphite
*
, Fungi-Phite, K-Phite 7LP

*
 

(green Ag label), pHorcepHite
*
, 

Phostrol
*
, Prophyt

*
, Rampart

*
 

phosphorous acid salts 
brassicas, cucurbits, fruiting 

vegetables 

Agri-Star Basic Copper 50W
*
, Agri-

Star Basic Copper 53
*
, Cuprofix Ultra 

40 Disperss 

copper sulfate brassicas, cucurbits, tomato 

Agri-Star Nu-Cop 3L
*
, Agri-Star Nu-

Cop 50WP
*
, Agri-Star Nu-Cop 50DF, 

Agri-Star Nu-Cop HB, Champ DP 

Dry Prill, Champ Formula 2F, Champ 

WG, Kentan DF, DuPont Kocide 

2000, DuPont Kocide 3000 

copper hydroxide 
cucumber, eggplant, pepper, 

tomato 

Aliette
*
 (AG label), Linebacker 

WDG
*
 

aluminum tris 
brassicas, cucurbits, tomato, 

leafy vegetalbes 

Armicarb 100, Bi-Carb Old 

Fashioned Fungicide
*
, EcoMate 

Armicarb O, GreenCure Fungicide, 

Kaligreen
*
, Milstop 

potassium bicarbonate brassicas, cucurbits, tomato 

Badge SC, Badge X2 
copper oxychloride + 

copper hydroxide 
brassicas, cucurbits, tomato 

Blocker
*
, Par-Flo 4F, Terraclor 15G, 

Terraclor 75WP, Terraclor F, 

Turfcide 10G 

PCNB brassicas, pepper, tomato 

Botran 75-W DCNA cucumber, tomato 
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Table 1.  Products labeled for use for use in transplant production.  
*
Greenhouse use is not prohibited on 

the label of products marked with an asterisk (
*
).  

Product Active ingredient Crops 

Camelot 
copper salts of fatty and 

rosin acids 
brassicas, cucurbits, tomato 

Cannonball
*
 fludioxonil melon, leafy vegetables 

Catamaran
*
 

phosphorous acid salts + 

chlorothalonil 

brassicas, cucurbits, fruiting 

vegetables 

Cease, Serenade ASO
*
, Serenade 

MAX
*
, Serenade Soil

*
 

Bacillus subtilis brassicas, cucurbits, tomato 

COC DF copper oxychloride pepper, tomato 

C-O-C-S WDG 
copper oxychloride + basic 

copper sulfate 
vegetables 

Contans WG Coniothyrium minitans 
brassicas, cucurbits, fruiting 

vegetables 

Copper-Count-N copper ammonium complex eggplant, pepper tomato 

Cueva Fungicide Concentrate copper octanoate 
brassicas, cucurbits, eggplant, 

pepper, tomato 

Curzate
*
 cymoxanil cucurbits, lettuce, tomato 

Decree 50WDG fenhexamid lettuce tomato 

Dithane DF Rainshield, Dithane F45 

Rainshield, Dithane M45, DePont 

Manzate Flowable
*
, DuPont Manzate 

Pro-Stick
*
, Penncozeb 4FL

*
 

mancozeb cucurbits, tomato 

Gavel
*
 mancozeb + zoxamide cucurbits, tomato 

Iprodione 4L AG
*
, Rovral 4F

*
 iprodione broccoli, lettuce 

Micora mandipropamid 
brassicas, leafy and fruiting 

vegetables 

Microfine Sulfur
*
, Microthiol 

Disperss
*
, Yellow Jacket Wettable 

Dusting Sulfur II
*
 

sulfur 
brassicas, eggplant, pepper, 

tomato 

M-Pede 
potassium salts of fatty 

acids 

brassicas, cucurbits, fruiting 

vegetables 

Mycostop, Mycostop Mix Streptomyces griseoviridis cucurbits, pepper, tomato 

Nordox 75WG copper oxide eggplant, pepper, tomato 

Omega
*
 fluazinam brassica leafy vegetables 

Oxidate hydrogen dioxide 

brassicas, cucurbits, pepper, 

tomato, leafy and root 

vegetables 

Ph-D WDG
*
, Veranda O

*
 polyoxin D zinc salt cucurbits, fruiting vegetables 

PlantShield HC, RootShield Granules, 

RootShield WP, T-22 HC Biological 

Fungicide
*
 

Trichoderma harzianum 
brassicas, cucurbits, fruiting 

vegetables 

Prev-Am Ultra Control
*
 

sodium tetraborohydrate 

decahydrate 

brassica leafy vegetables, 

cucurbits, fruiting vegetables 

Previcur Flex propamocarb hydrochloride 
cucurbits, lettuce, pepper, 

tomato 

Procure 480SC triflumizole cucurbits, lettuce 
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Table 1.  Products labeled for use for use in transplant production.  
*
Greenhouse use is not prohibited on 

the label of products marked with an asterisk (
*
).  

Product Active ingredient Crops 

Rally 40WSP
*
 myclobutanil cucurbits, tomato 

Ranman cyazofamid tomato transplants 

Regalia
*
 

Reynoutria sachalinensis 

extract 

brassicas, cucurbits, fruiting 

and leafy vegetables 

Reveille potassium phosphate 
brassicas, cucurbits, fruiting 

and leafy vegetables 

Scala pyrimethanil tomato 

SoilGard 12G Gliocladium virens vegetables 

Sonata Bacillus pumilus 
brassicas, cucurbits, fruiting 

and root/tuber vegetables 

Tanos
*
 Famoxadine + cymoxanil 

brassicas, cucurbits, fruiting 

vegetables 

Tebuconazole 3.6F Fungicide
*
 tebuconazole brassicas, cucurbits 

Tenet WP 
Trichoderma asperellum, T. 

gamsii 

brassicas, cucurbits, fruiting, 

leafy and root/tuber/corm 

vegetables 

Topsin 4.5FL
*
, Topsin M 70WSP

*
 thiophanate-methyl cucurbits 

Triact 70, Trilogy
*
, 70% Neem Oil

*
 neem oil 

brassicas, cucurbits; bulb/leafy, 

fruiting and root/tuber 

vegetables 
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Transplant Tray Cells - Does Size Matter? 
Dr. Ron Goldy , MSUE 

Southwest Michigan Research and Extension Center 

1791 Hillandale Road, Benton Harbor, MI 49022 

goldy@anr.msu.edu 

 

 Observation and research results indicate transplant size is directly proportional to the size of the 

container in which they were produced. The trend in transplant production over the past several years, 

however, is to decrease cell size to lower transplant production. But if a smaller transplant leads to 

decreased yield, any savings in the greenhouse is lost in the long run. So does the efficiency realized with 

smaller cell size really matter when it comes to final field performance? There answer is: “It depends”. 

 There are some things we can say for sure about transplant trays. Plastic is better than Styrofoam. 

Styrofoam trays are prone to greater amounts of algae growth. Black trays are better than white. Black 

trays absorb more heat contributing to quicker seed germination and plant growth. Smaller cells restrict 

root growth and can change root growth patterns. Transplants from small cells generally have less 

primary roots and more lateral roots. Some plants that would typically have a taproot system may be 

lacking a taproot entirely. Change in root structure could have long term consequences when it comes to 

water and nutrient uptake and how that relates to plant growth. Many of the consequences of disrupting 

root growth are overcome with irrigation systems. 

 Back to cell size. Numerous research studies across several crop species indicate larger cell size 

contributes to increased early yield (Table 1) but large cell size doesn’t always contribute to increased 

total yield in crops with multiple harvests. 

 

Table 1. A summary of 30 years of researching transplant cell volume and yields. 

 

 

 

 

 

 

 

From; Charles S. Vavrina, University of Florida. 

 

Crop Location 

Cell Volume 

(cm3) 

Transplant Ht. 

(inches) 

Observed Yields 

Tomato KY 2- 3- 4-in.pots 7.0 8.0 12 1.0 1.4 1.8 lbs (early fruit/plant) 

Broccoli MN 4 15 31 1.1 1.6 1.9 5.3 5.8 6.7 tons/acre (total) 

Tomato MI 4 19 39 3.9 7.9 8.3 3.6 4.0 8.0 tons/acre (early) 

Cabbage MO 8 28 39 3.9 3.5 4.7 1.9 2.1 2.2 lbs/head 

Pepper KY 6 19 39 7.5 7.9 8.7 0.7 1.0 1.9 tons/acre (early) 

Watermelon GA 19 -- 39 -- -- -- 23.6 -- 25.4 tons/acre (total) 

Pepper Israel 5 35 65 4.7 6.3 6.7 28.0 27.0 28.0 tons/acre (total) 

Watermelon FL 19 31 66 -- -- -- 22.0 22.0 23.0 tons/acre (total) 
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Table 3. Above ground weight in grams of four ‘Aristotle’ 

pepper plants from four transplant tray cell sizes at four dates in 

2013. Plants were grown at the Southwest Michigan Research 

and Extension Center, Benton Harbor. Plant population was 

10560 plants per acre. 

 The goal of every grower is to have a seamless transition from greenhouse to field with minimal 

interruption in growth. Larger cell size offers some buffer in helping this occur. Weather at planting time 

does not always cooperate and growers may have to hold plants for several days before getting them in 

the field. Plants in small cells will need more attention since they will dry out more quickly. This is 

especially true if temperatures are high. If the plants are stressed it may take some time to get them 

growing again or they may flower and set fruit early which will inhibit plant growth and eventual yield. 

Good preplanning to coordinate seeding and planting time can help, but weather will always be an 

unknown. Timely irrigation and nutrient applications can also help ease this transition and encourage 

faster growth in smaller transplants. 

 

Table 2. Specifications of commonly used vegetable transplant trays. 

Janice LeBoeuf, OMAFRA Vegetable Specialist 

 

 

 Table 2 lists the common tray cell sizes used in transplant production. It also lists which size to 

use for the specific crop or season. Note that larger cell sizes are often recommended for early harvests. 

 Increased early yield may or may not translate to increased total yield. This seems to be 

somewhat species specific. Peppers is a crop that shows increased early yield from larger cells but 

generally does not show an increase in total yield (Table 1). This was found in a trial conducted in 2013 at 

the Southwest Michigan Research and Extension Center, Benton Harbor, Michigan. 

 The trial looked at four cell 

sizes (72, 98, 128, and 200). 

Differences were found in early 

plant growth but by first harvest 

(8/14) no differences were found in 

above ground plant weight (Table 

3). No differences were found in 

total yield and fruit quality (Table 

4) agreeing with previous studies. 

 
  

Tray (# of 

cells) 

Plant Density 

(Cells/Ft2) 

Cell
 
Volume 

(Cc.) 
Recommended Crops 

24 14 171 early tomatoes, vine crops 

38 23 106 early tomatoes, vine crops 

50 31 66 early tomatoes, vine crops 

72 47 43 early peppers, early cole crops, early vine crops 

128 78 23 main-season tomatoes, peppers, Cole crops 

200 122 11 late-season peppers, Cole crops 

288 175 7 processing tomato, sweet onion 

 Weigh Date 

Cells/Tray 5/22 7/9 7/30 8/14 

72 4.9 474 2638.5 4143.8 

98 3.2 654.8 2582.5 4499.0 

126 3.0 444.3 1952.5 4643.3 

200 1.9 349.3 1977.5 4932.5 

lsd .05 0.7 140.2 591.6 ns 
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Table 4.  Yield in bushels/acre and size grades of ‘Aristotle’ bell pepper grown at the Southwest 

Michigan Research and Extension Center, Benton Harbor, Michigan in 2013. Plant population was 

approximately 10,560 plants per acre.         

 

 
 
 
 
 
 
 

 

 So what should growers do? If your goal is early harvest than it is obvious you should use larger 

cell size for those early planted fields no matter what crop you are growing. However, for some crops and 

for mid and late-season plantings you can use smaller cell sizes, saving production costs. 

Treatment 

(cells/tray) 

Total 

Yield 

Yield 

No.1 

No.1 

Wt. 

(gms) 

Yield 

Jumbo 

Yield 

Extra 

Large 

Yield 

Large 

Yield 

Med 

Yield 

No.2 

Yield 

Cull 

72 1191 928 195 177 265 323 164 79 184 

98 1217 931 189 162 244 338 187 100 187 

128 1164 911 193 146 221 371 173 58 195 

200 1271 1032 203 247 299 321 164 54 185 

lsd .05 ns ns ns 76 ns ns ns 35 ns 
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