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Trends in Greenhouse Production 
 

Shalin Khosla, Greenhouse and Processing Crops Research Ctr. 
Ontario Ministry of Agriculture & Food, Canada 

 
The greenhouse industry has undergone many changes over the past 25 years. This trend is worldwide 

with an increase in the production of greenhouse-grown products. The increase in productivity is a result 
of:   

• increase in area devoted to the production of greenhouse products and 
• Increase in production per unit area.  

 
The traditional northern climate greenhouse production area has expanded to the less northerly areas 

(e.g. Arizona, Mexico in the America’s; Spain, Morocco in Europe) resulting in year round supply of 
greenhouse products to meet the consumer demand. 

The greenhouse vegetable industry before consisted mainly of single span stand-alone greenhouses 
with crops grown in soil, with minimal heating and climate control and producing from April to 
September/October.  This has changed to multispan, gutter connected complexes with state of the art 
production systems, greenhouse climate controlled by dedicated computers and production close to 12 
months per year. At the same time the small family run unit (<1/4 acre) has become less economical to 
run due to economies of scale and the demand by the retails chains for a continuous supply of high quality 
product. In the more mature greenhouse production area, there is a decrease in the number of growers but 
an increase in the size of the operations. 

In order to fulfill these goals the greenhouse operator has undertaken many changes: 
 
• Greenhouse structure  

o Change from the traditional glass house to the double polyethylene covered house to the 
modern greenhouse 

o Active ventilation to passive ventilation 
o Roof line modifications 
o Gutter height 

 
• Greenhouse climate management 

o Day night temperature manipulations 
o Humidity management 
o Climate control computers 

  systems 
 software programs 



 
• Growing 

o Type of crops and cultivars 
o Growing media – rockwool, coco coir 
o Raised trough system 
o Intercropping 
o Plant balance 
o Water management 
o Grafting 
o Pruning flower trusses/leaves 

 
• Labour – path registration: in-greenhouse electronic recording devices 
• Packing, packaging and marketing 
• Pest and disease management 

 
These are the present characteristics of the modern greenhouse. Continual evolution is necessary for 

the operator to maintain a production advantage. Future changes will include alternative cultivars and 
crops, alternative energy source and efficiency (co-gen/trigen), labour efficiency and closed greenhouse 
systems. These changes to the industry require a lot of support from research and technology transfer 
both, public and privately funded. 
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Greenhouse Structure 
Possibilities for Vegetable 

Production

Ryan Warner
Dept. of Horticulture

Michigan State University

Outline

• Structure possibilities
• Which is right for you?

– Market
– Investment
– Other considerations

Structures

• High Tunnels
• Hoophouses
• Greenhouses

High Tunnels

• Narrow- 12 to 17 feet wide,  straight sides, 
single layer polyethylene, not heated, for 
extending the season.

High Tunnels

• Relatively low cost
• Not designed to handle snow load
• Can be mobile or stationary
• Can be single houses or connected

Single-Bay or “French” Tunnel

www.hightunnels.org
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Multi-Bay or “Spanish” Tunnel

• More efficient use of ground space
• Enhanced airflow

Agra-tech

High Tunnels

• Simple end 
walls

• Roll up sides 
for ventilation

High Tunnels

University of Minnesota

High Tunnels

• Tall enough for  tractor 
driven farm equipment.

Rutgers Univ.

High Tunnel Production
• Crops are typically grown in ground beds within 

the high tunnel rather than in containers.

• Crops grown in these ground beds must be 
irrigated because rain cannot enter the 
protective structure.

• Some high tunnels are erected on skids so that 
the structure can be moved during the 
production cycle. Most are stationary.
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Solar collector for earlier planting

• Ex. Harlan, Iowa
• Plant tomatoes in March
• Harvest early June

www.ipm.iastate.edu

Earlier harvest with high tunnels

• Can you get a better price?
• Loyalty at farm markets?

Hoophouses

• More permanent structure than high 
tunnels.

• More durable framing material

• Will handle snow loads.
• Often wider than high tunnels (up to 30 ft.)
• Single or double polyethylene covering.
• Can be heated or non-heated.

Hoophouses - Quonset

Raised Arch Roof
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Hoophouses – Gothic Arch

Agra-tech

Gothic Roof Shape

Roof Shape 
• Light
• Snow (exterior)
• Condensation (interior)
• Volume of air
• Ground space/Layouts
• Ventilation
• Equipment entry/exit

Roof Slope

Winter

Summer

Optimize for 
the winter.

More light
at 90o angle.

Light

Snow Removal Important

Comparison of Width
In our experience, 30’ did not limit air flow and stayed cool 

through the summer.

Cross Supports for 30’ Width
Wind and Snow Strength

Ledgewood Farms Design
Ed Person
New Hampshire
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Growing in unheated hoophouses

• Ex. Salad greens at MSU Student Organic 
Farm

Crop Selection for Cold Temps
Garlic Green Onion

Arugula
Lettuce

Spinach

Seed planted correct time – 9/29 Seed Planted too late –
Nov 12 – picture on Jan 18

Frost Fabric 
One key to maintaining temperature
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Potential Markets

• Local restaurants
• Farm markets
• CSA

Greenhouses
• Higher costs

– Structure, electrical, heat, cooling equipment
– Large range of possibilities

• Double-poly, rigid plastic or glass

Maximizing winter light 
levels is essential for cut 
flower or hydroponic
vegetable production. Note 
glass and HID lamps.
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High Profile Low Profile

Dutch Venlo or Low Profile

Greenhouse Design

Taller is easier to ventilate
and more comfortable to
work in; taller is trend.

12’ tall
gutters
are common
in industry.

Stone Barns Center, NY

Two Blocks, 
each 10,000
square feet.

Roof Opens for
ventilation.

Open Roof Greenhouse
Low and high cost models

More light and cooler day temperatures dramatically
increase quality.  Allows rain and leaching on occasion.
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Lean-to Structures
Locate on South Side

Which is right for you?

• What is your market?
• Transplants vs. finished crops
• What time of year?
• Which crops (warm or cold season)?

• How much do you want to invest?

High Tunnels

• Three season structures in MI
• Not built to handle snow load

• Relatively small investment
• Can construct yourself
• Useful for:

– Producing transplants
– Extending the season

• Earlier harvest of warm season crops
• Spring and fall production of cool crops

Hoophouses

• More expensive than high tunnels, but still 
reasonable.

• Can construct your own
• Can be used year-round

– Unheated : Cool-season crops in winter
• Planted in fall so most growth occurs before the 

December/January

Greenhouses

• Highest costs 
• Initial plus operating costs
• Usually professional builders

• Can produce warm season crops in winter
– In containers, hydroponic culture or raised 

beds, rarely in ground beds.

Structure Options Summary

• Investment and production related to 
market and quantity.

• Construction experience and ability.
• Time vs capital to invest.
• What time of year to you plan on using the 

structure?
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Other Considerations
• In addition to cost, transportation cost.
• Do you have the time/experience to build?
• Cost to have someone build it may be equal 

to the cost of the materials.
• Quality of directions and support

– Do you need it?
• Wind and snow load considerations. 

(NGMA)



 
 
 
 

The Greenhouse Environment: Heat and Light 
 

Jonathan M. Frantz  USDA-ARS, 2801 W Bancroft, Mail Stop 604, Toledo, OH 43606 jonathan.frantz@utoledo.edu 
 

To maximize productivity, the genetics of a plant must “match” an optimized environment, much 
like getting the most out of an automobile relies on the car’s make and model and fuel, upkeep, roads, and 
road conditions.  

 
UNITS 
 There are, unfortunately, a lot of units of measurement for the environment such as light and 
temperature.  The most common temperature units are Fahrenheit (°F) and Celsius (°C).  To convert °C to 
°F, use the following equation:  (9/5 × °C) + 32 
And to convert °F to °C, use the following equation: 5/9 × (°F – 32) 
For light and radiation, there are many more units.  I use the units of micromoles (µmol) and most often 
express it in terms of µmol per area per time (µmol m-2 s-1) or, over the whole day, mol m-2 d-1.  The 
reason for the use of these units is that it directly corresponds to photosynthetic potential, the driver of 
crop growth.  The equivalent unit is the Einstein or micro-Einstein.  Many growers use footcandles, 
though the number of growers using these units is steadily decreasing.  The conversion between 
footcandles and micromoles is roughly 5× micromoles = footcandles.  The exact conversion depends on 
light type and time of day, whereas micromole has no such dependency.  Still others use W m-2.  This is a 
good unit to use to predict water use for crops, but for conversion to micromoles and utility to predict 
photosynthesis depends on time of day and type of lamp.  For this paper, I will use the units of µmol m-2 
s-1 for light and °C for temperature. 
 
HOW MUCH LIGHT? 

Light quantity is often limiting in a greenhouse setting and can easily be ½ that found in the field.  
It is expensive, however, to add electric lamps in sufficient quantities to boost productivity during the day 
and so electric lamps are primarily used to extend the day in greenhouse production.  How much light 
should you have?  Many experiments have shown lettuce yield, for example, to plateau around 400 Fmol 
m-2 s-1, but we have found yield for lettuce and most crops can increase up to and probably beyond 1000 
Fmol m-2 s-1 if other environmental parameters are optimised as well.  This does not mean that growers 
should spend a fortune on electric lamps to squeeze a few extra micromoles of light in their greenhouses.  
However, growers should not try to avoid high light in the day out of fear of saturating photosynthesis or 
photobleaching leaves, provided other environmental and management issues are optimised. 

An interesting point about light is the issue of light quality, especially when selecting electric 
lamps. Research done at Utah State University indicates that high pressure sodium (HPS) lamps may 
stimulate leaf expansion due to their lack of blue light. This means that HPS instead of metal halide (MH) 
lamps may enhance productivity through their stimulation of leaf expansion caused by blue light 
deficiency. This work was done in controlled environments so the light environment was determined 
solely by the selection of lamp type. It is not known if this stimulation would occur in a sunlit greenhouse 
environment already containing ample blue light with HPS lamps used only as a supplement. 

 
 
 



MEASURING LIGHT 
 Our eyes are poor at detecting light quantities.  Fortunately, there are several, good, inexpensive 
light or quantum meters available on the market today.  They may be sold under the names of Light 
Meter, Quantum Meter, Flux Meter, PPF Sensor, PAR sensor, PAR meter, etc.  When purchasing one, 
make sure the measures the energy from roughly 400 nm to 700 nm, since this is the visible light and is 
the most important for driving photosynthesis.  These meters can be purchased with switches to convert 
between different units, attached to meters that can be remoted from the measuring location, containing 
single or multiple light sensors, or calibrated for your type of light (electric or sunlight).  Check with the 
distributor or manufacturer for your needs. 
 I would encourage you to measure early and often, in as many places as you can to get a feel for 
the amount of light your crop receives.  Remember, you are measuring light not where you are standing, 
but where the sensor is located.  Therefore, if you want to know how much light is striking the surface of 
your crops, measure light at the surface of your crops.  If you are interested in getting an idea of light 
distribution of your greenhouse or under electric lamps, record the light in a grid pattern in the area in 
which you are interested.   Once you get a sense of how light distribution patterns change in time and in 
space, you can begin to make fewer measurements and understand how those fewer measurements 
correlate to the rest of your growing area. 
 
TEMPERATURE 

It has been well established that the single biggest driver for yield improvement per area is 
increased light interception. Therefore, any opportunity to increase light capture per area should be 
investigated, including elevated light and denser spacing.   

Leaf emergence and leaf expansion rates are greatly influenced by temperature so increasing 
temperature is an indirect way to improve light capture. Photosynthesis, and thus yield, is strongly 
correlated to ground cover and light capture (Figure 1) regardless of temperature.  As an added benefit, 
some species and cultivars have more chlorophyll or stronger variegation in elevated temperatures, which 
could improving the appearance or quality of your crops. 

 
 
 
 
 
Photosynthesis is greatly influenced by temperatures.  Under “normal” air or CO2 conditions 

(about 400 ppm or µmoles CO2 per mole of air), photosynthesis generally decreases as temperatures rise.  
This is largely due to a process called photorespiration, but it is a process that can be greatly minimized 
under elevated CO2.  Between normal CO2 concentration and 1000 ppm, productivity increases linearly  

Figure 1.  Photosynthesis and yield increase 
in direct proportion to the amount of light a 
crop absorbs.   



with CO2 addition.  CO2 can be prohibitively expensive, but doesn’t need to be.  If CO2 is added from 
waste combustion products, be aware of ethylene contamination, a product of incomplete combustion that 
is also a plant hormone that can lead to defoliation, sterility, and foliar damage.  CO2 can be limiting often 
in tightly sealed greenhouses during the day. 

 
MEASURING TEMPERAURE 
 Do not assume that your thermostat is an adequate representation of your air temperature in the 
entire greenhouse.  In fact, some thermostats may be as much as 12 °F off calibration out of the box (John 
Bartok Jr, 2005, personal communication).  Remember, you are measuring the temperature at that point 
and the actual temperature of the air may vary across the growth space, much as light varies in your 
greenhouse.  We are all familiar with mercury thermometers, but many of us may be hesitant to use them 
in a greenhouse for fear of breakage.  There are many types of thermocouples (wire designed to measure 
temperature) and thermistors (temperature sensitive resistor) available at about the same cost as a light 
meter.  See the MEASURING LIGHT section to see where and how often to measure air temperature. 
 Some growers have either switched completely or supplement their air temperature measurements 
with measuring leaf or crop canopy temperature.  This is done by using an infrared (IR) transducer, sold 
at many distributors under different names, pointed at the surface of interest.  This can prove more helpful 
than measuring air temperature, but there are few things to consider when measuring temperature in this 
manner.  The distance from the sensor to the target greatly influences the measured area.  The farther 
away from an object, the larger the circle of measured area will be.  Find out, if possible, your field of 
view or distance:area ratios, because this will determine how large of an area you are measuring at any 
given distance.  There is not a clear cut off of target temperature to “noise” or surrounding area.  The 
larger the field of view, the closer you must be to your target to ensure of measuring the target 
temperature.  However, large fields of view can be useful when measuring large plants or closely spaced 
plants because the there will be less spot variation. 
 
AT WHAT COST? 
 Ultimately, the determinant of yield may be what you can afford to grow.  The optimum 
environmental settings will not match the optimum economic cost setting.  The actual setting should be 
somewhere in the middle.  There is some evidence that many plants average temperature over 24 hours, 
so there may be leeway in reducing night temperature more if the day temperature, when you can get free 
solar heat, is higher than “normal”. With the cost of heating greenhouse structures spiralling, there will be 
a temptation to lower the temperature set point.  Prior to doing that, ensure your greenhouse is well 
insulated and conserving as much heat as possible.  Can you remote your electric lamp ballasts to under 
the bench?  Can you heat the nutrient solution or root zone and lower your air temperature?  What impact 
will lowering temperature have on productivity, quality, and timing?  Can you warm plant surfaces, using 
an IR heat source, more efficiently now and lower air temperature? 
 
CONCLUSION 

Growers must walk a fine line between rapid growth and reduced quality or higher energy costs. 
With changes in temperature, light, and CO2, productivity can be more than doubled for some crops.  

Is it worth it?  The larger the plant, the less room there is for error in managing quality. Managing 
the environment while simultaneously optimizing plant nutrition provides the key to achieving high 
quality crops.  The faster the growth rate, the greater likelihood of encountering nutrient deficiencies such 
as Ca, Fe, and B.   If you plan on altering the light and temperature environment, first measure your 
environment, ensure your thermostats are calibrated, and conserve what you already have before adding 
new systems. 
 
DISCLAIMER 
Mention of a trademark, proprietary product, or vendor does not constitute a guarantee or warranty of the 
product by the USDA, and does not imply its approval to the exclusion of other products or vendors that 
also may be suitable. 



 
 
 
 

Greenhouse Diseases 
 

Mary K. Hausbeck, Professor 
Michigan State University, Department of Plant Pathology 

(517) 355-4534 
 
 Disease prevention and 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.  The fungicide Terraclor controls Rhizoctonia and lists broccoli, brussels sprouts, 
cabbage, cauliflower, peppers, and tomatoes on its label.  Previcur Flex is labeled for use in the 
greenhouse on tomato, leaf lettuce, cucurbits, and peppers for prevention of root rot and damping-off 
caused by Pythium spp. and Phytophthora spp.  To prevent damping-off, avoid over-watering because 
some fungi that cause damping-off prefer wet conditions. 
 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.  The fungicides Scala, Botran, and Decree can be used on tomatoes in 
the greenhouse to protect against Botrytis.  Also, Exotherm Termil will provide protection against 
Botrytis and can be used for tomatoes (NOTE: Other forms of chlorothalonil such as Daconil are not 
registered for use in the greenhouse on vegetable transplants).  Although Botran 75-W is registered to 
control Botrytis on tomato seedlings, this fungicide should be used with caution due to concern regarding 
occasional sensitivity of the plant stem.  Decree can also be used on cucumber transplants. 
 
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 thick.  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.   
 Fungicides are available to control Alternaria diseases on tomato seedlings and some other 
vegetable seedlings.  In addition to controlling Botrytis, Exotherm Termil will also provide protection 



against Alternaria.  The fungicide Dithane is also registered for use on tomato and other vegetable 
seedlings including onions and cucurbits (melons, pumpkins, etc.).  Dithane provides protection against 
Alternaria and some limited protection against Botrytis.  None of the fungicides mentioned are registered 
for use on pepper seedlings in the greenhouse.   
 
Bacterial diseases can infect tomatoes and peppers resulting in blighting.  Not all spotting on the foliage 
is caused by fungi.  It is important to distinguish between spots caused by fungi and bacteria because 
disease management differs.  On tomato transplants, three bacterial diseases can be problems and include 
bacterial canker, bacterial speck, and bacterial spot.  Peppers are affected by bacterial spot only.  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 as bacterial speck.  Bacterial spot disease 
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 an extension agent or 
other knowledgeable professional is often warranted to separate symptoms of bacterial diseases from 
symptoms caused by fungi or other causes. 
 Tomatoes 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.  In some situations, all tomatoes within a block or greenhouse will have to be 
destroyed.  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. 
 Until recently, growers have had to manage bacterial canker as it occurred in the field.  Our 
research team approached this problem by testing fungicide applications to transplants while in the 
greenhouse.  The greenhouse was targeted because the spread and increase of bacteria is favored by the 
wet, humid conditions of the greenhouse and the close spacing of tomato transplants.  Multiplication and 
spread of the bacterium is less likely in the field because of the lowered relative humidity and increased 
plant spacing.  Also, it is more economical and efficient to spray transplants while in the greenhouse than 
to spray plants once placed in the field.   
 We focused on the health of tomato transplants because it has been our observation that 
establishing a field with transplants that are infected with the bacterium responsible for bacterial canker 
results in devastating yield losses.  Transplants can be infected while in the greenhouse, yet appear 
healthy at the time of planting in the field. 
 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 had emerged, even when a bacterial canker 
epidemic occurred, resulted in transplants that produced yields comparable to that of healthy plants.  In 
our studies, these copper applications were not continued once the transplants were planted in the field.  
For tomatoes, the efficacy of the copper fungicides may be enhanced by mixing them with a mancozeb-
based fungicide.  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 was also 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. 
 
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 expression of symptoms may 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. 
 
Table 1.  Products specifically labeled for vegetables in the greenhouse. 

Product Active ingredient Company 
Agrisolutions Topaz phosphorous acid salts Agriliance LLC 
Botran 75-W dicloran Gowan Company 
Camelot 58EC copper salts Whitmire Micro-Gen 
Champ DP, Champ Formula 2F copper hydroxide Nufarm Americas, Inc. 
Champion WP copper hydroxide Nufarm Americas, Inc. 
Cuprofix Disperss DF copper hydroxide Cerexagri, Inc. 
Decree 50WDG fenhexamid SePRO Corp. 
Dithane DF, M-45 mancozeb  Dow AgroSciences LLC 
Exotherm Termil chlorothalonil Rigo Company 
Kocide 2000 copper hydroxide Griffin LLC 
Maneb 75DF, Maneb 80WP maneb Cerexagri, Inc. 
Micro Sulf sulfur Nufarm Americas, Inc. 
MilStop potassium bicarbonate Bioworks, Inc. 
Mycostop Streptomyces griseoviridis AgBio, Inc. 
Nordox 75WG copper oxide Monterey Chemical Company 
Nu-Cop 50DF copper hydroxide Albaugh Inc./Agri Star 
PlantShield HC Trichoderma harzianum Bioworks, Inc. 
Previcur Flex propamocarb HCl Bayer CropScience 
Serenade Max Bacillus subtilis AgraQuest, Inc. 
Scala SC (tomatoes only) pyrimethanil Bayer CropScience 
Sulfur 90W sulfur Drexel Chemical Company 
Terraclor 75WP pentanitrochlorobenzene Crompton/Uniroyal Chemical 
Turfcide 10G pentanitrochlorobenzene Crompton/Uniroyal Chemical 

NOTE: These recommendations are not intended to replace the specific product labels.  Always read and 
follow label instructions carefully. 


