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ABSTRACT 

Three bedding plants, marigold (Tagetes erecta cv. 'Orange Boy'), 

petunia (Petunia hybrida cv. 'Red Cascade') and geranium (Pelargonium X 

hortorum cv. 'Mustang' ) were grown under two different infra-red reflective 

coated polyester films, an uncoated polyester film and a conventional 

double-layer polyethylene film. The plants were subjected to the same 

environmental conditions to determine the effect of these glazing films on 

energy requirments, plant quality and flower production. 

The infra-red reflective films effectively reduced heat consumption by 

up to 50 percent compared to double-polyethylene treatment. There was little 

difference in cooling usage between the different treatments. 

Compared to the double-polyethylene film, flower production and plant 

fresh weights, on the average, were substantially higher for the infra-red 

reflective coated films. However, plant dry weights were highest under the 

uncoated polyester film. 
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INTRODUCTION 

The rising cost of fossil fuels in the last decade has forced growers 

around the nation to look for other less expensive means of energy to reduce 

heating cost from greenhouses. Scientists in the United States, Europe, and 

Japan are experimenting with new materials and techniques to save the 

greenhouse industry which has been badly disrupted as a result of the energy 

crisis. Cooling and heating, which are currently averaging about 35% of 

total operation expenses, are the two major energy consumptive factors in the 

greenhouse industry (Sheasley, 1983). 

Greenhouses were originally designed to produce flowers and vegetables 

during unfavorable growing seasons with little regard for energy 

conservation. It was estimated that $1 per square foot is required to 

maintain a temperature of 20 °C inside a greenhouse during an average mid 

Atlantic state winter (White and Aldrich, 1977). 

By 1973, growers around the world started shifting from conventional 

poor energy conserving glazing materials to better films and techniques that 

have the tendency to capture and retain heat inside the greenhouse where it is 

needed. Single layer plastic, glasshouses, and fiber-glass greenhouses were 

starting to fade away from the agricultural scene, while energy efficient 

greenhouses equipped with double glazing, thermal curtains, and computers 

were becoming more and more the convention among greenhouse growers. 

1 
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This study was carried out in Tucson, Arizona from March 1984 to 

February 1985, where four different glazing films were tested side by side at 

the Environmental Research Laboratory . The Heat Mirror films, designed by 

South Wall Corporation, to reflect at varying degrees both incoming near 

infra-red and outgoing long wave infra-red radiation, while transmitting 

most of the ample photosynthetically active radiation (PAR). 

The objective of this experiment was to test two photo-selective 

glazing films for their efficiency in capturing and retaining heat inside the 

greenhouse and to determine the influence of these materials on horticultural 

crops. 



LITERATURE REVIEW 

Double Layer Plastic Films 

The double layer technique for greenhouse covering was first reported 

by Sheldrake and Langhans more than twenty years ago. Roberts (1968) was the 

first to introduce the air inflated roof without the traditional structural 

framing for roof support. He stated that to achieve optimum insulation 

effect, the distance between the two layers of plastic should be 3.8 - 5 cm 

apart, to create a dead air space. Increasing the distance of the air space to 

more than 10 cm did not result in further reduction in heat savings. The 

double layer plastic technique can save up to 40% heat saving compared to 

single layer of plastic. 

Another method developed by scientists at the Ohio State University, 

involved installing two layers of air-inflated polyethylene over glass in 

which a 57% heat saving was observed. 

Gray (1962) noted that a problem which must be considered regarding 

this method of insulation is the substantial reduction in light transmission. 

Another problem has to do with the loading design of the greenhouse. Current 

glass greenhouses are designed in such a way so that heat loss from the 

greenhouse melts snow and prevents it from accumulating. Lining the glass 

house with two layers of plastic reduces heat transmission through the glass 

resulting in snow build up that must be removed by other methods in order to 

prevent structural damage. 

3 
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Poly-Pellets Insulation System 

The addition of polystyrene pellets into two layers of plastics was 

first reported by Badger and Poole (1979) at the Ohio Agricultural Research 

and Development Center (OARDC) . Ten cm of polystyrene pellets with a minimum 

diameter of 0.3 cm are pumped directly between the wall of a double layer 

plastic greenhouse at night and removed at sunrise. Studies at OARDC have 

showed a 90% reduction in night time heat loss. 

The polystyrene pellets have a life expectancy of two years in northern 

climates and one year in southern climates. Accumulation of snow in cold 

climates can be a major problem especially with a gutter connected house where 

the pressure caused by the snow on the greenhouse can damage or break brittle 

materials. The accumulation of snow may also reduce light transmission during 

the day. 

Another serious problem reported by Short (1981) is the static 

electrical cling of the pellets to one another and to the plastic. One way he 

described to minimize this problem is by adding one liter of glycerine to 

every 28 cubic meter of pellets. 

During sub-freezing weather, it was discovered by Badger and Poole 

(1979) that moisture in the pellets and between the plastic can reduce the 

insulation effect. To overcome this problem, the pellets should be kept dry 

at all times and the pellet storage chamber should be periodically air dried 

on clear sunny days. 
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Liquid Foam Insulation Technique 

Insulation of a greenhouse through the injection of liquid foam 

between two layers of plastics was first reported in 1968 by Zielon at Arbman 

Development Company. The major purpose of this technique is to minimize heat 

dissipation through the roof and sides of the greenhouse. 

Cunningham (1984) stated that the foaming solution has an expansion 

ratio of 1000:1 (one part of solution will provide 1000 parts of foam) and is 

made up of a 1-3% soap solution which may be inj.ected during the night between 

two layers of plastics. Additional foam is periodically injected into the 

plastic envelope in order to replace that foam which has broken down into a 

liquid solution. This solution is drained back to the storage tank for reuse. 

Wells (1980) stated that a major problem still under study is the 

tendency of the solution to freeze once the temperature falls below 0 °C. 

After several trial with antifreeze compounds, 12% ethyleneglycol showed the 

most promising results. 

Wells noted that originally there was concern about the flecks left on 

the plastic surface caused by foam breakdown, however the next foaming 

dissolved them. 

Cunningham (1984) reported that the liquid foam injection between two 

layers of polyethylene films resulted in a 50 - 70% heat conservation compared 

to double layer of plastic film . In order for this system to function 

properly and achieve its potential heat saving, the plastic and pipes should 

be free of leaks and cracks. The foam is primarily designed for night time use 

or in a greenhouse during the summer months, where shading is required for 

foliage plants. 



Thermal Curtains 
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White and Dalke (1983)reported that the addition of thermal blankets 

to the greenhouse interior reduced heat loss from radiation, convection and 

infiltration by up to 60%. This heat savings could only be achieved with a 

properly installed curtain. It must be tightly sealed at the edges, and any 

opening in the curtain could draw hot air away from plant reach, while a well 

sealed curtain reduces infiltration effects by enclosing the plants in a 

mini-environment. 

It was noted by Sheasley (1983) that the use of polyethylene or 

aluminized fabrics extended eave to eave at night and retracted at day did 

save up to 60% in heating cost. He also suggested that polyethylene tubes can 

spell a 38% savings, while two layers of polyethylene stretched tightly from 

eave to eave and inflated, can save 70 - 80 % on heating dissipation. 

Laury et al (1984), designed an experiment to test the use of 

acryl-polypropylene as a thermal screen. It was later discovered that this 

material is capable of reducing convection heat loss by 50%, while it was less 

effective with loss by radiation. 

Combination of films and fabrics were tested by Meyer (1984), where 

50% savings was noted when using a double layer of non-woven polyester 

material , Floratex 80 aluminium backed aircap (bubble) film, and double 

layer of black polyester film. 

The initial cost for a blanket system is relatively high, but it offers 

a practical energy conservation method. The blankets are not only used to 
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reduce heat loss during the night, but also used for shading during the summer 

months and as a photoperiod control for some plants. 

Sidewall and Foundation Insulation 

Infiltration, which is simply the leak-out of warm air, is a major 

factor in energy loss. Badger and Poole (1979) stated that sidewall 

insulation may reduce heat loss through conduction and infiltration up to 

20%. Wall insulation materials can be either transparent or opaque. Opaque 

insulation is commonly used on the north side of the greenhouse or along the 

sidewall up to plant reach. Both types of insulation tend to reduce light 

intensity in a greenhouse. 

Not only do sidewalls of the greenhouse need to be well insulated, but 

the foundations are also an important constituent that should be dealt with. 

Badger and Poole (1979) also demonstrated that a typical uninsulated 15 cm 

concrete greenhouse foundation may lose a considerable amount of energy. The 

addition of 2.5 cm of polystyrene to the outside walls of the foundation may 

reduce heat loss by up to 67%. Caution should be applied when using materials 

such as polystyrene. Some of these plastics are combustible and may cause a 

fire hazard, in addition to the fumes coming from spray-on foams being 

potentially injurious to plants. 

Applying Sealant to Glass Laps 

Other ways of reducing heat loss from glass greenhouses may not be by 

installing new costly films, but by applying a little common sense. Badger 

and Poole (1979) reported that the application of a sealant to glass laps may 
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reduce heat loss in a greenhouse by up to a 40% annually. The extent of the 

savings depend mainly on the condition and the location of the greenhouse. An 

old wooden frame glass greenhouse will witness the most savings, while a new 

glass greenhouse is usually not profitable to seal unless done during 

construction. 

Silicone-based sealant injected with high pressure propellant is 

usually applied to seal glass greenhouses. This material is clear and only a 

small portion of the glass is effected thus light reduction is at a minimum. A 

problem may arise from using a sealant is the increase in humidity inside the 

greenhouse which eventually may cause heavy'condensation, dripping and plant 

disease problems. 

Energy Efficient Films 

When greenhouses were initally introduced in the early 16th century the 

designs failed to take in account energy efficiency and conservation. White 

and Dalke (1983) reported that glass, for example, which was one of the first 

materials ever used in greenhouse glazings has a seasonal energy savings of 

only 5 - 10%. After the energy crisis in 1973, greenhouse growers and 

engineers started to realize the importance and necessity of energy efficient 

films in reducing heat dissipation. 

Acrylic fabrics (Exolite) tested by Pennsylvania State University 

produced one of the highest yields of commercially harvestable flowers with a 

45% heat loss reduction over single layer glass. Other materials such as 

Polycarbonate (Polygal S.G.) can yield up to a 50% fuel savings compared to 

glass and fiber-glass, and about 10% better than double polyethylene. 
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Effect of Greenhouse Glazings on Crops 

Sherry and White (1984) reported that the total cutting production for 

geranium (cv. 'Yours Truly1) grown under double-layer polyvinyl fluoride 

(Tedlar) was 1.9, 10.44, 19.28, 20.59, and 21.03 greater than double layer 

polyethylene (Exolite), double layer polyethylene polycarbonate (Monsanto 

203), double layer (Tufflite III) and double layer (Qualex). However the 

total fresh and dry weights were highest in the Tuff lite III glazing film. 

Sherry and White also noted that the total cut flower yield for roses 

(cv.' Sassy' ) was the highest in the single layer glass and double layer Tedlar 

compared to Tuffilte III, Monsanto 203, Qualex, and Exolite. Concerning 

fresh weights, Sherry and White described that Tedlar and Tuff lite III, had 

the highest fresh and stem lengths, while the rest of the treatments reduced 

weight by 30% and stem length by 19% compared to single layer glass. 



MATERIALS AND METHODS 

Greenhouse Test Structure 

Four 4.5 x 6 m modified quonset greenhouses (phytocells) with a 2.6 m 

roof height and vertical sidewalls 50 cm in height were used in the research 

program from March 1984 to February 1985 (Fig 1) . The phytocells are located 

at the Environmental Research Laboratory, Tucson,Arizona. They have a north 

to south orientation and are spaced 4.5 m apart. The phytocells were 

previously covered with double layer of polyethylene film, each having a 76 

CFM squirrel cage blower providing air pressure to maintain 7 - 15 cm spacing 

between the plastic layers. 

The test materials in this experiment were two different selective 

infra-red transmitting films manufactured by South Wall Corporation that 

were designed to reflect a considerable portion of the incoming solar 

shortwave infra-red radiation, while stopping most of the outgoing longwave 

infra-red radiation. Specifications showed that most of the 

photosynthetically active radiation (PAR) required for photosynthesis was 

transmitted. These two films were compared to two other greenhouse films, 

polyester and polyethylene. 

Heat Mirror "88". 

Heat Mirror "88" is a colorless film designed to reflect 42% of the 

near infra-red while transmitting 82% of the PAR. It consists of four layers 

superimposed on each other to form one sheet. 

10 



~ig 1. Exterior view of the phytocells at the Environ

mental Research Laboratory, Tucson, Arizona. 
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The first layer is the outermost layer and serves as a protective 

topcoat, the second layer is a selective transmission coating which greatly 

reduces heat loss in the infra-red region. The third layer is a 3 mil 

ultra-violet stabilized polyester. The fourth layer is the inner layer, it 

consists of a hydrophlic or anti-fog coating. 

Heat Mirror "77" 

Heat Mlrror"77" film is less transparent than Heat Mirror"88" film, 

thus it reflects 65% of the near infa-red while-at the same time transmits 71% 

of the visible light that is required for photsynthesis. Like the "88" film, 

Heat Mirror"77" film is also made up of a protective polyethylene topcoat, a 

selective transmission coating, a 3 mil ultra-violet stabilized polyester 

and a hydrophilic coating. 

The third film "ICI 071" was used as a base material for the reflective 

coating used in the other treatments. It is made up of a clear polyester film 

with two layers of hydrophilic coatings, and an anti-reflective coating to 

achieve maximum light transmission. ICI 071 film does not have a varient 

coating to infra-red thus permitting more total solar radiation than Heat 

Mirror"77" and "88" films. 

As a control for the materials, a 6 mil outer layer and a 4 mil 

inner layer polyethylene glazing films were used. This film is 

manuifactured by Armin under the trade name of Tufflite III. 

For the glazing combinations of the four phytocells see Table 1. 



13 

Table 1 . Glazing combinations of the four phytocells. 

Phytocell No. Outer Layer Inner Layer 

1 6 mil Polyethylene 4 mil Polyethylene 

2 6 mil Polyethylene 3 mil Heat Mirror"77" 

3 6 rail Polyethylene 3 mil Heat Mirror"88" 

4 6 mil Polyethylene 3 mil 1CI 071 Polyester 
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Environment Control Systems 

Cooling System 

Each individual phytocell was equipped with a 5500 CFM two stage 

evaporative cooling unit. In the first stage, the warmer outside air is 

considerably cooled down without saturating it with moisture. The second 

stage merely takes this cooler dry air and passes it into a conventional 

evaporative cooling system to achieve even a greater reduction in air 

temperature. With this unique cooling method, the temperature inside the 

phytocells could be cooled approximately 10 °C lower than the ambient 

temperature. 

On May 18th the four way air diffuser which was initially installed to 

evenly circulate the airflow was removed, and as a result 25% more CFM was 

obtained. From July through September the cooling process was somewhat 

retarded as a result of the higher humidity that made it impossible to obtain 

the desired temperature required for optimum growth. 

Heating System 

A 45,000 BTU natural gas operated heater unit was installed in 

each phytocell. These units were connected to a thermostat located at 

the north end of the greenhouse to supply heat only as needed. 

Energy Monitoring Equipments 

A central computer located in a separate building north of the 

experimental site was connected to thermocouples,light quantum, globe 

thermometer and pyrometer sensors for temperature and light readings inside 
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and outside the phytocells. An IBM personal computer was able to read and 

store data such as wet and dry bulb temperatures, PAR, and mean radiant 

temperature in the phytocells. Outside the phytocells the computer was also 

hooked to a weather station which monitored wet and dry bulb temperatures, 

PAR, and total solar radiation. 

Data from the experiment were recorded every minute and averaged for 

every hour. These data were stored on floppy disks for furthur analysis. 

Crop Selection 

Three ornamental crops; geranium, petunia, and marigold were grown and 

observed under the different plastic coverings. These crops were chosen for 

their quick turn-over and commercial popularity. Throughout the experiment, 

eight consecutive crops of petunias and marigolds were planted. Since 

geraniums take longer to bloom, however, only six crops were produced. 

Marigold 

In the crops one and two, the marigold seeds (Tagetes erecta cv. ' Orange 

Boy1 ) were sown in 25 x 26 cm plastic flats using Jiffy Mix as a potting soil of 

equal parts peat and vermiculite. Extreme difficulties were encountered when 

attempting to wet the potting soil without the use of a wetting agent. This 

particular soil had to be sprinkled with water for more than two hours prior to 

seeding. The seeds were later sown in rows within the flats spaced 10 cm apart 

and covered with approximately 1.5 cm of mix. After two weeks, the seedlings 

were individually pricked out into 37 cu.cm. plastic pots with Jiffy Mix. 



Due to the high transplant shock mortality encountered in crops one and 

two, seeds throughout the rest of the study were directly seeded in 37 cu. cm. 

pots, eliminating root injury caused by mechanical transplanting. Two to 

three seeds were place in each pot. After the seedlings emerged, they were 

thinned to one plant per pot and left to grow under the different treatments. 

This procedure greatly reduced the variability between plants. The plants 

were later evaluated for fresh and dry weights, overall plant quality, as well 

as the number of blooms. 

In order to have a better understanding on how different treatments 

were influencing plant weights with respefct to time. The plants in crop 

number two were harvested periodically in such a way that one-fourth of the 

plants were harvested and weighed each week starting two weeks from 

transplanting. 

Petunia 

The petunias ( Petunia hybrida cv.'Red Cascade') were seeded in a 

nursery in Florida operated by the Ball Seed Company and shipped to the 

experimental site as plugs under the trade name of Sparkplugs. The plugs were 

carefully removed from the trays and transplanted into a 37 cu.cm. pots. Due 

to high mortality caused by high light intensity within the phytocells, 

cheesecloth had t.o be placed above the seedlings for ten consecutive days in 

order to reduce water loss to transpiration. The next step was to water the 

plants with fresh water for approximately ten days. With the use of these 

techniques, seedling mortality dropped from over 45% in crop three to 3% in 

crop five. 
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Most often the plants were hand watered three times a day in the summer 

with a standard Hoagland solution, and twice a day in the fall. They were 

evaluated for number of blooms, and measured for fresh and dry weights. 

Geranium 

Like the petunias, the geraniums (Pelargonium X hortorum cv.1 Mustang' ) 

were grown as plugs and shipped to the experiment station. The seedlings were 

immediately thinned and transplanted into an 11 x 10 cm pots using Jiffy Mix 

again as the potting soil. Following transplanting, the pots were 

transported from the potting area to the phytocells to be subjected under the 

different treatments. A drip system was installed along the bench, inorder to 

supply each pot with a known fixed amount of water. The plants were evaluated 

for number of blooms, leaf shape and color, and finally their fresh and dry 

weights. 

Disease and Insect Control 

Throughout the course of this experiment, the petunias and marigolds 

suffered no symptoms or signs of disease. The geranium on the other hand had 

to be periodically drenched with 50 ml of benomyl (Benlate) and metalaxyl 

(Ridomil) to control fungal root rot. 

Just as very few problems were encountered with diseases, insect 

problems were also just as scarce. A single case of green aphid was observed 

on the first marigold crop, which was immediately treated by a single 

application of acephate (Orthene). 
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Small infestations of fungus gnats were observed when the plants were 

over watered. A control measure was executed when needed with an application 

of insecticidal soap. 

Several control measures were taken to keep pests and pathogens at 

minimum levels, starting with using a concrete floor and raised benches, plus 

periodic inspection for insects, mites, and the use of a preventive soil 

drench when needed. 



RESULTS AND DISCUSSION 

Greenhouse Environment 

Heating 

Initially the heaters, in spring of 1984 were set at 18 °C, but later, 

in October, they were reduced to ignite at 13 °C. The reason for this 

reduction in night time temperature was to observe whether this would improve 

the infra-red glazing films in energy conservation. Another reason relates 

to the fact that many growers around the world have reduced their night 

temperature simply to cut back on heating bills. 

From March 1984 to January 1985, the Heat Mirror films showed a 

superior advantage in energy conservation over the double poly and the ICI 071 

films. This energy reduction is mainly attributed to the infra-red 

reflective coating that only the Heat Mirror films possess. In the spring 

(March - April) of 1984, results indicated that the Heat Mirror films 

conserved heat in the range of 15.1 to 39.5% over the double poly, while in 

winter of 84-85, the savings ranged from 44 to 67%. Maximum savings were 

reached in January 85 with a 66.7% savings for Heat Mirror "77" and 67.7% 

reduction in January 85 for Heat Mirror "88" (Fig. 2) . 

Throughout the experiment, Heat Mirror "77" film proved to be the best 

glazing film in conserving energy, where the annual gas consumption fell 

50.8% below the double-poly film (Table 2). Heat Mirror "88", also resulted 

in a considerable savings which came to a 46% heat reduction over the 
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control houses ICI 071 does not have the energy saving qualifications to 

retain heat in the form of long wave infra-red like the Heat Mirrors, thus 

resulting in a 9. 6% annual gas consumption over the control film. 

Cooling 

The set point on the cooler thermostat was initially at 24 °C, but 

later, on May 31, it was reduced to 18 °C in order to decrease the summer night 

temperature, which most bedding plants require. During the day, in the 

summer, the evaporative cooling system operated continuously, due to the 

outside temperature being over 30 °C. On October 15, the set point was raised 

to 24 °C where it remained until December 20, when it was again increased to 27 

°C. During the winter, the outside temperatures where sufficiently cool to 

lower the night temperature to 18 °C within the phytocells. 

In the spring of 84 (March- May), the cooling units in the Heat Mirror 

phytocells operated 24% more than the units under the ICI 071 and the 

double-polyethylene houses, resulting in a 34% increase in KWH for the Heat 

Mirror films. Reducing the set point to 18 °C on May 31, ended in the 

continuous ope rat ion of the cooling units, where the average energy 

consumption fell from 29.5% KWH for Heat Mirror "77" and 38.7% KWH for Heat 

Mirror"88"in March through May to 6% in June and July, over that energy 

consumed in the uncoated houses (Fig. 3). 

The annual cooling consump tion for Heat Mirror "77" film was slightly 

higher than the control houses, where the blower operated 5. 3% more, resulting 

in an annual consumption of 5.1% KHH increase over the double-polyethylene 

(Table 3). The cooler in Heat Mirror "88" film operated 4. 8% more than the 



control house which resulted in an annual consumption of -0.8%KWH. ICI 071, 

as expected, had a 1.6% annual cooling consumption increase over the 

double-polyethylene. 

PAR Transmission 

Four PAR light sensors (Quantums) were installed inside the phytocells 

in March, 1984, and made operational on May 1. The Quantums were installed 

high in the phytocells, away from any structure or object that could shadow 

the sensors. 

As it was anticipated, Heat Mirror "77" and "88" films transmitted less 

PAR than ICI 071 or the double-polyethylene films (Fig. 4). Heat Mirror "77", 

which had more IR-reflective coating than Heat Mirror "88", transmitted 25% 

less PAR than the control film, while Heat Mirror "88" had 20% less. 

It was first thought that ICI 071 film had more light transmissivity 

than polyethylene, but the results indicated that polyethylene allowed 9.1% 

more PAR than the prior. 

Leaf Temperature 

Due to the response of the plants to the infra-red coated films, an 

additional route to plant enhancement, other than light quality, was 

explored. On an adjacent bench, four thermocouples were attached to lettuce 

leaves in order to determine if there was a difference in leaf temperature 

between the coated and uncoated films. 

It was first thought that Heat Mirror"77" film would have a higher leaf 

temperature that Heat Mirror"88" film, due to its thicker infra-red 

reflective coating. The results however, indicated that from December 22, 
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Table 2 . Gas consumption for greenhouse glazing films from March 1984 

to February 1985. 

Greenhouse Glazings 

Annual Totals 

% Change % Change 

Gas From Poly- Heaters From Poly-

cu.ft. ethylene hr ethylene 

Polyethylene 

y 
H.M.77 

5630 

2770 

111.4 

-50.8 54.4 -51.2 

H.M.88 3050 -46,0 65.5 -41.1 

ICI 071 6170 9.6 126.3 13.4 

Double layer, top Tufflite-III, 6 mil, inflated; lower 4 mil. 

y 
Double layer, top Tufflite-III, 6 mil, inflated; lower Heat Mirror 77 

3 mil. 

x 
Double layer, top Tufflite-III, 6 mil inflated; lower Heat Mirror 88 

3 mil. 
a 

Double layer, top Tufflite-III, 6 mil, inflated; lower ICI 071, 3 mil. 
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Fig. 2 . Phytocells monthly gas consumption from March 15, 

1984 to January 31,1985. 
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Cooling consumption for greenhouse glazing films from March 

1984 to February 1985. 

Annual Totals 

% Change % Change 

From Poly- From Poly-
z 

Greenhouse Glazings Blower hr. ethylene KWH1S ethylene 

Polyethylene 3759.7 0 4792.3 0 

H.M.77 3958.6 5.3 5034.1 5.1 

H.M.88 3939.4 4,8 4755.2 -0.8 

ICI 071 3820.1 1.6 4842.7 1.1 

z 
Refer to Table 2, for treatment descriptions. 
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Fig. 3 • Phytocells monthly cooling consumption from March 15, 

1984 to February 28, 1985. 
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Fig. 4 • Photosynthetically active radiation (PAR) transmission 

for greenhouse films . 
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1984, to January 8, 1985, there appeared to be little difference in leaf 

temperature between the different treatments. Nevertheless, by analyzing 

night time temperature, it was discovered that Heat Mirror "88" had a 2.7 °C 

average increase in leaf temperature over the double polyethylene film, while 

Heat Mirror "77" film had a 1.7 °C average increase. It appeared that the 

infra-red reflective coating on Heat Mirror"77" film is thick enough to cause 

shading effect, thus resulting in a cooler leaf temperature. 

Plant Growth and Performance 

Petunia 

The petunia seedlings were originally transported to the experimental 

site from Florida by truck, which ultimately inflicted great stress to the 

seedlings due to the extended time of transport. Subsequently the seedlings 

had to be shipped by airfreight to minimize mortality. The petunias were 

immediately taken to a greenhouse where they were kept for a time ranging from 

one to four consecutive days. Due to a mistake on the part of the seed company, 

the seedlings in crop three were discarded because they were from the wrong 

variety. 

During the hot summer season, it was crucial to reduce water 

evapo-transpiration by assembling cheesecloth over the newly transplanted 

seedlings. These plants were initially irrigated with fresh water for 

approximately seven days prior to over head watering with a modified Hoagland 

solution. It was noticed that the plants were exhibiting too much vegetative 

growth at the expense of flower production. As a result, following crop 

number three, nitrogen concentration was cut in half, to 100 ppm. 
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Marigold 

As it was noted earlier, the marigold seeds were direct seeded in the 

phytocells. It was observed in crop seven that the marigold seeds under the 

Heat Mirror films were germinating faster than those planted in the 

double-polyethylene house. This earliness in seed germination resulted in a 

dramatic difference in growth between the coated house and the 

double-polyethylene house (Fig. 5). 

To study this difference furthur, four thermocouple sensors were 

buried in the mix to measure soil temperature. It was discovered that the soil 

temperature in the double-polythylene house was 1 °C below Heat Mirror "77" 

film and 2 °C below Heat Mirror "88" film. 

The seeds were initially hand-watered with fresh water until the 

emergence of the first true leaves. Later on, they were irrigated with a 

modified Hoagland solution, until crop four when the nitrogen concentration 

was cut in half, which decreased their vegetative growth substantially. 

Geranium 

Unlike the petunia, the geranium seedlings suffered less during 

shipping, which greatly reduced the mortality caused by transplant shock. 

Crop number one suffered absolutely no symptoms or signs of a disease, while 

few plants in crop two appeared to be infected with a fungal root rot. 

Starting with crop three, all the plants were drenched with a solution of 

0.6g/l benomyl (Benlate), and 0.13g/l metaxyl (Ridomil). It appeared that 

the chemical treatments were slightly phytotoxic to the plants, retarding 

their growth and causing lower fresh and dry weights. This chemical 

treatments were suspended after crop four without any effect on the plants. 



_Fig 5. Soil temperature influence on marigold seedlings 

between Heat Mirror"SS'' and double-polyethylene 
films. 
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Growing Plants to Market Maturity 

Petunia 

Quality. The growth response of the petunia plants varied considerably 

between the coated and uncoated films. There was no apparent difference in 

foliage and flower color, however plant size varied greatly. The plants 

under the double-polythylene treatment appeared to have smaller stems and 

leaves than the rest of the treatments. The plants under the Heat Mirror films 

demonstrated larger stems with a more succulent.foliage of exceptionally good 

quality, although there was little difference in fresh and dry weights 

between treatments. 

Flower distribution among the plants was also an important factor in 

determining plant quality. The flowers under the coated houses were 

uniformly distributed while the flowers in the uncoated houses were not. 

Bloom Number. The Heat Mirror films throughout this experiment proved 

to be superior in regard to accelerating flower production. In crops one, 

four, six, seven and eight, flower production ranged from a 1.6% increase for 

Heat Mirror"77" film over the double-polyethylene film on March 19, 1985 to 

205% for Heat Mirror "88" on January 31,1985. In crops two and five, harvested 

June 6 and October 6 respectively, Heat Mirror "77" performance fell below the 

control house to a maximum a 21.5% decrease in flower production. Heat 

Mirror"88"film also performed poorly in crop two with a 41.7% decrease below 

the double-polyethylene treatment. However it regained it superiority in 

crop six with a 143% increase over the control house (Fig. 6). 
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The annual average bloom production (Table 4) clearly shows that Heat 

Mirror"88" and ICI 071 produced the highest number of blooms over the 

double-polyethylene film ,while Heat Mirror"77" came third with a slight 

improvement over the control film. 

Fresh and Dry Weights. The annual average fresh weight per one pack (four 

plants) was very similar for Heat Mirror"77" and the double- polyethyl ene 

films. However, Heat Hiror"88" weighted 10.2% below the control film (Table 

4). The same results were reflected in the dry weights, where the previous 

three films weighed almost the same, while Heat Mirror"88" weighed 11.6% less 

than the double-pol yethylene film. The reason why the plants under the coated 

films appeared larger and more succulent while at the same time weighing less 

than the double-polyethylene film could be due to fact that Heat Mirror"77" 

and"88" films transmit less light into the house thus fixing less carbon. 

With this shadding effect, the plants tend to elongate and become more 

succulent, with little increase in dry weights. 

Marigold 

Quality. There was no difference in bloom color or size that could be 

observed between the four treatments. However the upper foliage of the plants 

under the double-polyethylene film turned slightly purple, which could have 

been as a result of higher light intensity. The plants under the coated films 

suffered very little discoloration possibly due to the protection of the 

infra -red reflective coating. 
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Flower uniformity among the plants was also taken into account in 

determining plant quality. The double-polyethylene film showed more 

evenness in flower distribution followed by Heat Mirror"88", then Heat 

Mirror"77" and ICI 071 films. 

Bloom Number. Of the three bedding plants that were studied in this 

experiment, the marigold plants showed the most drastic difference in 

accelerating flower production when comparing the coated and 

double-polyethylene films. Heat Mirror"88" in all seven crops exhibited a 

noticeable earliness in flower production over the double-polyethylene 

house. Its performance ranged from a 5.4% increase on June 22, 1984 to a 

4100% increase on February 3,1985, ending with a 60.7% annual average flower 

increase over the control film (Table 5). This enhancement in flower 

production could be as a result of the high PAR transmission through the 

plastic, and could also be attributed to the higher leaf temperatures (Fig 7). 

Heat Mirror"77" treatment fell short of the Heat Mirror"88" in flower 

production due to the excessive shading caused by the infra-red reflective 

coating, but was not inferior to the double-polyethylene film. In crops one, 

six, seven, and eight, Heat Mirror"77" averaged a 1090% increase in flower 

production over the control film. However in crops three, four and five, it 

averaged a 17.1% decrease to the control house. Even though Heat Mirror"77" 

performed poorly in three consecutive crops, the annual average flower 

production was a staggering 37.8% increase over the control treatment. ICI 

071 also displayed a respectable performance all through these experiments 

with a 26.4% greater in annual average flower count over the double-

polyethylene film. 



Fresh and Dry Weights. ICI 071 yielded the highest annual average fresh 

weight with an 11.2% increase over the control film (Table 5), followed by 

Heat Mirror"88" and "77". ICI 071 also yielded the highest annual average dry 

weight, while the coated films were inferior to the control. 

To furthur study the marigold fresh and dry weights in relation to 

their age, two marigold trays in crop two consisting of 64 plants were 

harvested weekly, starting 15 days after transplant. The plants under the 

double-polyethylene film averaged the highest fresh and dry weights. Heat 

Mirror"77" and"88" films averaged a 4.6% increase in annual fresh weight over 

the control film, while the dry weight fell to 6.1%. This fluctuation in fresh 

and dry weights could be due to the shading effect cause by the infra-red 

reflective coating which caused more succulent growth. 

Geranium 

Quality. Unlike marigolds and petunias which showed little 

differences in plant size and foliage morphology, the geraniums exhibited a 

remarkable gradient between the coated and the control films. The 

double-polyethylene film showed chlorotic and concave leaves with signs 

similar to nutrient deficiency. However this was not the case for the 

geraniums grown under the Heat Mirror films. These plants displayed a dark 

green, flat foliage and an over-all healthy appearance (Fig. 8). 

Bloom Number. Throught this experiment, it was discovered that the 

geraniums in the double-polyethylene house passed through two phases. Phase 

one concerned crop numbers one, four,and five which were grown during the 

cooler weather. In crop one the plants under the control film started 
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blooming six days after Heat Mirrors"88" and "77" films, and resulted in a 

11.4% fewer blooms than the Heat Mirror films. Crop four displayed a ten day 

delay in flower initiaion and ended with a 45% fewer blooms than Heat 

Mirror"77". Crop five, was only two days slower in flower initiation than 

Heat Mirror"88", resulting in 54% fewer blooms. Phase two concerned crops two 

and three which were grown during the hot season. It was observed that the 

plants under the control film yielded the highest number of blooms while crop 

three came only second to the ICI 071 film. 

Heat Mirror"88" Film produced the highest number of blooms over the 

double-polyethylene film with an annual- average production of a 9.3% 

increase. Even though Heat Mirror"77" averaged a 32% increase in flower 

production in crops four and five, the annual average flower production was a 

5.9% inferior to the control house (Table 6). 

Fresh and Dry Weights. The annual average fresh weight per plant for 

Heat Mirror"88" was 11% higher than the control, followed by Heat Mirror"77" 

with 7.4%. There was no significant difference in the annual average dry 

weight between Heat Mirror"77" and the double-polyethylene, while Heat 

Mirror"38" produced 6% less than the control house (table 6). 
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Table 4 . Petunia composite growth response to greenhouse glazings. 

Plant Characteristics 

% Change % Change % Change 

Greenhouse Bloom No. over Poly- Fresh Wt. over Poly- Dry Wt. over Poly-

Glazings z IT Annual ethylene x g ethylene x g ethylene 

Polyethylene 106 0 26.2 • 0 1.38 0 

H.M. 77 . 109 , 2.8 26^ " 1.1 1.35 -2.0 

H.M. 88 147 38.7 23.5 -10.3 1.22 -11.6 

ICI 071 146 38.0 26.1 -0.4 1.42 2.9 

z 

Refer to Table 2, for treatment descriptions. 



Fig 6. Petunia bloom response to Heat Mirror 88 and to 

double-polyethylene films. 
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Table 5 . Marigold composite growth response to greenhouse glazings. 

Plant Characteristics 

% Change % Change % Change 

Greenhouse Bloom No. over Poly- Fresh Wt. over Poly- Dry Wt. over Poly-

Glazings z x" Annual ethylene x" g ethylene 1c g ethylene 

Polyethylene 140 0 15.1 • 0 1.31 0 

H.M. 77 . 193 37.8 15>7- • 4.0 - 1.21 -7.6 

H.H. 88 228 60.7 15.9 5.3 1.25 -4.6 

ICI 071 177 26.4 16.8 11.2 1.36 3.8 

z 
Refer to Table 2, for treatment descriptions. 



. Fig 7. Marigold bloom r esponse to different greenhouse 

films. 
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Table 6 . Geranium composite growth response to greenhouse glazings. 

Plant Characteristics 

% Change % Change % Change 

Greenhouse Bloom No. over Poly- Fresh Wt. over Poly- Dry Wt. over Poly-

Glazings z JC Annual ethylene IT g ethylene "x g ethylene 

Polyethylene ^ 0 130.4 - 0 8.0 0 

H.M. 77 39 , _5t9 140>0 • 7.4 .. 8.01 0 

H.M. 88 45 9.8 144.7 11.0 7.50 -6.2 

ICT. 071 43 4.9 133.2 2.1 8.11 1.2 

z 

Refer to Table 2, for treatment descriptions. 



·Fig 8. Geranium growth response to Heat Mirror 77 
(Agrifilm 77) and to double-polyethylene. 
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SUMMARY AND CONCLUSION 

The Heat Mirror glazing films were very effective in reducing energy 

use compared to the double-polyethylene and the ICI 071 films. Heat 

requirraents were reduced by 53 percent for the Heat Mirror"77" film and 37 

percent for the Heat Mirror"88" film over the double-polyethylene film. 

Cooling consumption for the Heat Mirror films was very similar to the control 

film. 

It was concluded from this experiment, that light-quality,shade and 

temperature of leaves and soil were the major factors influencing plant 

growth and development. 

Light Quality. Although it was not fully understood, light 

transmission through the glazing films had a substantial effect over plant 

growth and flower production. This response was clearly visible on the 

geranium plants, where the Heat Mirror films generated a much better quality 

compared to that grown in the double-polyethylene house. 

Shading. The Heat Mirror"77" film contained a thicker layer of the 

infra-red coating material than Heat Mirror"88" film. Plants under Heat 

Mirror"77" were more succulent and more elongated than under Heat Mirror"88" 

which was ascribed to greater shading. 

Leaf and Soil Temperature. The results indicated that the infra-red 

reflective coating did not only increase air temperature, but it also 

increased leaf and soil temperatures. Growth enhancement due to leaf 



42 

temperature was visible all through the year particularly during the cooler 

seasons, where higher leaf temperature was required for optimum plant growth 

and flower production. 

The advantages to the Heat Mirror Films were not restricted to energy 

conservation and plant enhancement. Due to the nature of the Heat Mirror 

films in reflecting a portion of the ultra-violet rays, it was discovered that 

plastic equipment such as garden hoses, irrigation tubes, plastic pots and 

trays lasted twice as long compared to the double-polyethylene film. Another 

advantage was reduced water condensation on plastic films due to the 

hydrophilic coating. 

The practical aspect of this study promotes producing floricultural 

crops under optimum environment, while at the same time reducing energy 

consumption. Further work is still needed to determine the effect of the 

infra-red reflective coating films on vegetable and photoperiod sensetive 

crops. 
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