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PHYSIOLOGY I

Forecast: COLD! Do you know where your thermostat is set? 
R.T. Poole, Ph.D. & C.A. Conover, Ph.D. 

Heating costs are an important factor which can influence profitability of foliage plant production. In an 
experiment that targeted energy usage, six different genera of plants were grown during the winter of 
1985 1986 to determine their response to several minimum temperatures and fertilizer levels. Codiaeum 
variegatum Petra (croton), Hedera helix Glacier (Ivy), Peperomia obtusifolia (peperomia), Philodendron 
scandens oxycardium (philodendron), Radermachera sinica (China doll) and Spathiphyllum Tasson 
(spathiphyllum) were placed in four identical greenhouses December 27, 1985 with thermostats set at 
55, 60, 65 or 70°F. Plants were fertilized at the recommended rate (X), 2X and 3X levels. Plant 
responses were measured March 5, 1986, and depending upon the plant, included height or vine length, 
top fresh weight, color grade and plant grade. 

Energy consumption was measured by recording the time that heaters operated in each greenhouse. By 
comparing the operating time within each greenhouse, maintained at different temperatures, it was 
possible to estimate the fuel needed to maintain the different temperatures. For example, most foliage 
plant producers maintain 60 to 65°F as the minimum during winter months. Based on the winter of 1985 
1986 in Apopka, Florida, and a base temperature of 60°F, fuel usage would have been 78 times greater 
to maintain 65°F and 212 times greater to maintain 70°F. 

Average hours per day gas-fired heaters were operating.
  Min



Temp      Dec     Jan     Feb     Mar     Apr     Total
---------------------------------------------------------------------
55°F       1.1       1.0      0.8      0.3       0.0        3.2
60°F       4.0       1.7      0.9      0.6       0.1        7.3
65°F       6.4       3.2      1.3      1.2       0.7      12.8
70°F       6.8       6.3      3.9      3.2       2.3      22.5
---------------------------------------------------------------------

The data collected indicates that a temperature range of 60 to 65°F would be adequate for the plants used 
in this research. Raising the greenhouse air temperature from 60 to 70°F increased fuel usage by 212 
percent, and could not be considered cost effective based on the plant responses measured. However, 
because fuel usage increased by only 78 percent when the greenhouse air temperature was maintained at 
65°F instead of 60°F, the higher temperature may be justified for peperomia, philodendron and 
spathiphyllum. Good growth occurred for croton, ivy and China doll at 60°F, and this temperature also 
helps conserve energy. 

Although leachate conductivity increased with fertilizer treatment level, there were few other significant 
responses to increased fertilization. Color grades of philodendron, China doll, and spathiphyllum all 
improved slightly with increased fertilizer. As fertilization levels increased, peperomia responded with 
greater fresh weight, while China doll grew slightly more compact.

For a more detailed report of this study, including the responses of each of the six foliage plants studied, 
refer to: Poole, R.T. and C.A. Conover. 1986. Response of Foliage Plants to Minimum Temperatures 
and Fertilizer Levels. CFREC-Apopka Research Report RH-86-18, available through your Cooperative 
Extension Agent or from CFREC-Apopka.

PHYSIOLOGY II

Effects of Low Temperature Storage on Quality of Twenty-two Foliage Plants 
R.T. Poole, Ph.D. & C.A. Conover, Ph.D. 

Many foliage plants are injured when exposed to air temperatures between 35 and 50°F during 
propagation, production, storage and/or shipping. This damage, commonly called chilling injury, 
typically becomes more severe with lower temperatures and as exposure increases. Symptoms may 
include surface lesions on foliage, water soaked tissue that eventually turns black and necrotic, tissue 
breakdown and reduced growth rates.

Additionally, symptoms may be similar to other plant disorders, and damage may not become apparent 
until several days after exposure to low temperature conditions. This test was initiated to learn the 
effects of low air temperature during simulated short-term shipping on twenty-two foliage plants. 



Storage in dark, airtight coolers for up to four days at air temperatures of 36, 41 or 46°F failed to affect 
the quality of seven plants (Araucaria heterophylla, Dizygotheca elegantissima, Ficus benjamina, 
Maranta leuconeura Kerchoviana , Radermachera sinica, Schefflera arboricola and Syngonium 
podophyllum White Butterfly ). Chilling injury symptoms, resulting from low temperature storage, on 
the 15 remaining foliage plants ranged from slight chlorosis to total leaf necrosis. 

The interaction of storage time and storage air temperature negatively affected the quality of twelve 
foliage plants. Damage on Aglaonema Silver Queen , Chamaedorea elegans, Chrysalidocarpus 
lutescens, Codiaeum variegatum Norma , Dieffenbachia maculata Camille , Dracaena marginata, 
Epipremnum aureum Marble Queen, Ficus elastica Robusta , Homalomena Emerald Gem, Nephrolepis 
exaltata, Bostoniensis Compacta , Philodendron scandens oxycardium and Spathiphyllum Petite 
generally worsened as storage temperature decreased and storage time increased. 

The quality of Dracaena deremensis Janet Craig deteriorated when storage duration increased or air 
temperature decreased. Dracaena deremensis Warneckii and Neoregelia carolinae Perfecta Tricolor 
were damaged by 36°F air temperature during storage. Interestingly, when all plants were graded again, 
two weeks after removal from the coolers , Dracaena marginata and Spathiphyllum Petite exhibited 
foliage damage that was not apparent five days after treatment.

As shown by the results of this experiment and the works of others, plant resistance to chilling injury 
may vary widely depending on the species. Additionally, the severity of damage on affected plants 
typically increases as temperatures approach freezing or as exposure to the chilling temperatures 
increases.

For a more detailed report of this study, including chilling symptoms of each of the twenty-two foliage 
plants studied, refer to: Poole, R.T. and C.A. Conover.1986. Effects of Low Temperature Storage on 
Quality of Twenty-two Foliage Plants. CFREC-Apopka Research Report RH-93-6. This report and 
others may be obtained through your Cooperative Extension Agent or from CFREC-Apopka.

PATHOLOGY

Plant Disease and Temperature 
A.R. Chase, Ph.D. & C.A. Conover, Ph.D. 

Most plant diseases exhibit a characteristic range of temperatures for optimal development. Often, this 
range is the same as that for optimal production of the host plant, but in some cases, plants can be 
produced within a temperature range that is not favorable for a particular plant pathogen. Knowing the 
optimal temperatures for development of a given disease can be more useful for timing control measures 
rather than altering the growing environment. This information is also helpful to diagnosticians since 
they can make a special effort to look for target pathogens at certain times of the year. 



For example, Hibiscus produced in Florida are subject to three bacterial leaf spot diseases that have 
different optimum temperatures. During winter months, Pseudomonas syringae pv. hibisci occurs while 
Pseudomonas cichorii is common during the spring and fall. In general, only Xanthomonas campestris 
pv. malvaceanun is active on this plant during summer months. Although certain diseases occur during 
the winter and others only during the summer, growers should be prepared for exceptions. 

Production innovations such as under bench heating have affected more than plant production and fuel 
costs during winter months. Plants produced with under bench heating may develop diseases, such as 
Cylindrocladium root rot of Spathiphyllum spp., which do not usually occur during the cooler winter 
months.

Myrothecium leaf spot is less common when temperatures regularly exceed 81°F, but can be severe 
when temperatures are between 70 and 81°F, during cooler times of the year. Likewise, the relatively 
narrow range of optimum temperatures for development of Botrytis blight (64 to 72°F) explains why this 
disease is more common on susceptible plants produced during the cool season. 

Scouting for specific diseases at times when temperatures are favorable allows for better management of 
personnel resources. Then, if preventive pesticides are called for, they will be applied only when disease 
development is likely and not on a year round basis, which can be costly, potentially hazardous to plants 
and workers, and could lead to development of resistant populations. 

The optimum air temperature ranges for many ornamental diseases can be best used if the disease in 
question has been correctly diagnosed. If a specific disease is not listed for the plant you are interested in 
checking, it is likely that the same disease will act similarly on another host. Always obtain a reliable 
diagnosis whenever you encounter a new problem or one that seems to occur at an unusual time of year 
or under suboptimal temperature conditions. Many diseases produce similar symptoms and laboratory 
culturing is necessary for an accurate diagnosis. 

For more detailed listing of optimal temperatures for diseases of ornamentals, see: Chase, A.R. and C.A. 
Conover. 1991. Using temperature information to aid in controlling diseases of ornamentals. CFREC-
Apopka Research Report, RH-91-8. This report and others may be obtained through your Cooperative 
Extension Agent or from CFREC-Apopka.

In future issues of this newsletter we will point out interesting places to explore on the Internet. We 
would also like to encourage our readers to share with us their experiences with this technology. You 
can E-mail Lance Osborne at LSO@ifas.ufl.edu or Chris Fooshee at WCF@ifas.ufl.edu. 
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