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Over two centuries ago Jonathan Swift wrote "necessity 
is the mother of invention." Because the late Professor 
Emery Myers Emmert could not afford an expensive glass 
greenhouse, he invented the plastic greenhouse in 1948. 
It was covered with 4 ' x 4 ' wooden frames with support­
ing form wire (spaced every 6 inches) on which cello­
phane film was attached. These frames were nailed on the 
rafters of narrow wooden structures and lapped similarly 
to greenhouse glass. Remarkable as it now seems, he grew 
commercial crops of lettuce, tomatoes, and bedding plants 
in these houses for several years before the era of poly­
ethylene. 

When sheet polyethylene became available, Dr. Emmert 
was quick to see its potential for covering his greenhouses. 
Encouraged by the success of initial crops in these houses, 
he constructed a private range of over a half acre (see 
photo on cover). Fruition of the concept came about by 
his combining an idea, persistence, and unusual skill in 
plant culture. 

Extensive commercial adoption of plastic greenhouses 
was retarded because of a lack of knowledgeable grow­
ers. Glass greenhouse growers who possessed the skills 
in plant forcing were often unwilling to accept plastic 
greenhouses because of difficulties encountered during 
their early developmental stages. Thus, the first group of 
growers with the best chance to succeed did not accept 
the challenge. 

Bedding plant growers adopted plastics readily. This 
represents an important use of plastic greenhouses through­
out the United States, especially in the northeast and north-
central regions. The main responsibility for proving plastic 
greenhouses, however, fell to the novice. Normally, the 
size of the trial greenhouse of these growers was limited 
to a few thousand square feet. The combination of limited 
capital investment, poor environmental control, and insuf-
ficent skill in the art of plant forcing and a general un­
willingness to persevere led to a relatively high proportion 
of marginal successes or failures. 

The first plastic greenhouse built on the Kentuckv Ag­
ricultural Experiment Station in the winter of 1953-54 is 
still functional (Figure 1). The early concepts used in 
building plastic greenhouses emphasized economy of con­
struction and normally used designs and principles utilized 
in glass greenhouses. However, essential compromises were 

The investigation reported in this paper (No. 66-10-19) is in connec­
tion with a project of the Kentucky Agricultural Experiment Station and 
is published by permission of the director. 

* The necessity of suitable glazing plastic films has been omitted be­
cause the success of the entire concept was predicated upon the availability 
of at least one suitable plastic film 

made and significant changes from glass types occurred. 
These changes may be divided into the following three 
categories listed in order of their initial importance: struc­
tural design, environment control, and disease control.* 
Structural Design 

Much developmental research has been done in the de­
sign and testing of wooden structures for supporting the 
film. Generally, the traditional designs developed for glass 
greenhouses but made with construction grade lumber 
have been most readily acceptable. The "A" frame (8, 
11), truss (14), ridge and furrow (18, 23), rigid frame 
(17, 21, 25) , and the Gothic designs (14) are all good 
examples. Structures deviating from the traditional, such 
as the air-supported structures (22, 28), the flat-roof de­
sign (3) , and the multibarrel and hyperbolic paraboloids 
(1) , have not received general acceptance. 
Enironmental Control 

While there has been a great deal of developmental 
research on structures, very little systematic research has 
been done on the design of systems for environmental con­
trol. Greenhouse environment control systems should have 
three basic components, i.e., heating, ventilation, and cir­
culation. Temperature control (heating and ventilation) is 
accepted as vital (15, 20, 24, 26). 

Circulation, traditionally provided by convection cur­
rents established from heating pipes in glass greenhouses, 
was often overlooked in the early plastic greenhouse and 
heat stratification occurred. The air surrounding the plants 

Fig. 1: A 1954 photograph showing the first plastic green­
house built on Kentucky Agricultural Experiment Station. 
Note the vent hole above the door, found necessary to re­
place the oxygen consumed in the combustion of heating 
fuel. Manually operated side ventilators were the only form 
of ventilation. Similar ventilators positioned at the ridge 
were added soon after. 
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was relatively cold and saturated with water vapor (4, 
15). Vapor condensing on the interior film surface accumu­
lated and fell on plants. Such conditions favored high in­
fection and spread of plant diseases such as leaf mold 
(Cladosporium fulvum) and rot (Botrytis cinerea) with 
alarming frequency and severity. 

Once air circulation was accepted as a necessary part of 
environment control systems, stratification of heat and hu­
midity was lessened and incidence and severity of plant 
diseases were minimized (4) . Thus, environment control 
was shown to be interrelated to disease control. 

Plastic greenhouses are generally heated with relative­
ly small, inexpensive hot air furnaces. Air circulation sys­
tems are used in conjunction with them to distribute the 
heat (4, 13, 15). Uniform greenhouse environments for 
plant culture depend upon a suitable association of these 
two systems. 

Early designs for ventilation systems used manually op­
erated ridge and side ventilators (Figure 1). These have 
proven unsatisfactory. Presently, most greenhouses use fans 
which either exhaust warm air from, or introduce cool, out­
side air into the house. In both methods care must be 
taken to mix the cold ventilating air with the warmer in­
side air before distributing it uniformly at plant height. 
The first automatic environment control system integrating 
the three components was developed and tested at the 
Kentucky Agricultural Experiment Station in 1960 (5, 6 ) . 
Evaporative cooling is often used in conjunction with fan 
ventilation during the warm parts of the growing sea­
son (10). 
Disease Control 

The problems of disease control in plastic greenhouses 
fall into two categories; those diseases affecting the aerial 
plant parts, and those which are soil-borne (including nem­
atodes). 

Many of the problems of disease control dur'ng the 
early years of plastic greenhouses were with aerial diseases. 
These are now minimized with the incorporation of air 
circulation as an essential part of all environment control 
systems. As the external air temperature decreases, mois­
ture condenses on the cold inner plastic surfaces. This 
condensation causes a reduction of humidity in the layer 
of air proximal to the film. Air currents from constant cir­
culation mix the "dry" air at the film surface with the am­
bient greenhouse air. This results in a measurable drying 
of the greenhouse atmosphere (7) . Air circulation not only 

reduces stratification but makes it possible to utilize nat­
ural dehumidification when condensation occurs during 
cold weather. 

Generally, commercially acceptable disease control oc­
curs with adequate air circulation and humidity control. 
However, use of fungicides and suitable resistant varieties 
are also important. 

Soil-borne disease are effectively controlled in glass green­
houses by steam sterilization. Small ranges and emphasis 
on economy of construction precluded the use of boilers 
for heating in most plastic greenhouses. Accordingly, alter­
native methods for controlling soil-borne diseases had to be 
devised. Presently, the most satisfactory system for plastic 
greenhouses includes the combined use of greenhouse 
sanitation techniques, resistant varieties, and regular soil 
fumigation. The most commonly used fumigant in many 
areas is methyl bromide. However, soil-borne diseases con­
tinue to be a potential threat to growers. 

The outlook for reliable control of soil-borne diseases is 
promising. There are some new soil fumigants in advanced 

Fig. 3: A view of the greenhouse automatic environment 
control system (5) . A single fan located behind plywood 
nozzle circulates the air continuously, ventilates the struc­
ture, and distributes hot air from the standard hot air 
furnace at right. 

Fig. 2: A minimum cost, 10' wide, rigid-frame structure de­
veloped at the Kentucky Agricultural Experiment Station. 
Note the exhaust type ventilation fan on the right, and 
control panel at left. 

Fig. 4: An interior view of an early tomato crop cultured 
in rigid frame greenhouse covered with two layers of 
polyethylene. Note the air distributing nozzle of the en­
vironment control system at left. 
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stages of testing, and there will be further technological 
advances in the development of others. Recent results us­
ing limited volumes of sterile growth media (19, 27) sug­
gest that such techniques may replace the need for steriliz­
ing massive quantities of soil. Annual media replacement 
or sterilizing small volumes of soil with steam, similar to 
bench sterilization, would be feasible. 

At the present time the plastic greenhouse has "ma­
tured" considerably and is enjoying ever-increasing accept­
ance. According to a recent survey in which 40 states 
reported, plastic greenhouses have increased from 123 
acres in 1960 to 437 in 1965 (2) . The growth pattern 
has developed sufficiently to permit generalization. The 
regions in the United States exhibiting the strongest growth 
in using plastic greenhouses appear to be the south, south­
west, and the arid west. Each of these areas is charac­
terized by a small initial glass greenhouse industry and a 
relatively mild winter climate. While development has 
generally centered in regions of mild climates, the use of 
plastic greenhouses in colder regions is feasible and eco­
nomical (24, 26). According to the developmental pat­
tern it is reasonable to expect plastic greenhouses to be­
come popular in those regions lying north of glass green­
house concentrations. 

A similar pattern has occurred in Europe, i.e., regions of 
high glass greenhouse concentrations (Ireland, England, 
Holland, Denmark) have not yet considered adopting the 
plastic greenhouse, but regions to the south (France, Italy, 
and Spain) and north (Scandinavia) have displayed con­
siderable scientific and/or commercial interest. 

Rising affluence, discriminating consumers, and an in­
creasing demand for salad vegetables, bedding plants, and 
flowers hold promise for a very bright future for the con­
tinued expansion of plastic greenhouses. The economy of 
initial investment and the impetus given by research sci­
entists suggest that most new greenhouse construction will 
be plastic. Additionally, glass growers are beginning to ac­
cept certain types of plastics, especially the longer lasting 
rigid types. 

It now appears that protected plant growing will take 
two forms. First, fully automated environment control svs-
tems coupled with cultural advances will optimize all cul­
tural, engineering, and managerial aspects for the economi­
cal production of high yielding, high quality crops. Many 
phases are in a relatively high state of development at 
the present time. 

The increased emphasis on the use of "synthetic" soils 
(16), combined automatic irrigation and fertilizing of 
plants (16, 19, 27), new knowledge on environmental re­
quirements of plants and automatic systems to achieve 
them, suggest strongly that the art of plant forcing will 
evolve into a science. Yields and produce quality will in­
crease. Management decisions and labor inputs will be 
minimal. 

The second will be composed of specialized systems 
which will vary in form and function. However, all will 
have provision for adequate crop production under adverse 
conditions and will emphasize ease and economy of con­
struction. They will normally develop where mild climatic 
limitations lead to special price advantages for specific 
crops. Owing to the diversity of special uses, research 
on each application is normally restricted to the regions 
where opportunities exist, and the growth pattern of in­
dividual systems may be slow and erratic. 

One example of the special uses type is the minimum 
cost structure featuring narrow rigid frame, independent, 
single control heating system and automatic extractive fan 
ventilation system shown in Figure 3. Its low height and 
narrow width make it possible to cover it from the ground 
with a single wide sheet of polyethylene. Many uses for 

it are possible, including the extension of the field crop­
ping season in the spring and fall (tomatoes, flowers, etc.), 
mid-winter production of cool-season crops (stocks, lettuce, 
etc.), and spring bedding plant production. 

The growth of the plastic greenhouse from its concep­
tion in 1948 has been slow. However, recent advances in 
plastic coverings, structures, environment and disease con­
trol, and improved forcing varieties have put it in con­
tention as becoming the most important forcing structure 
of the future. It is offering the first serious competition 
to glass greenhouses. It has stimulated scientists and grow­
ers to consider forms of crop protection never before con­
sidered feasible or possible. 
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