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Chapter Outcomes
After studying this chapter, you will be able to:

• Describe the factors to consider when planning a greenhouse.

• List and describe greenhouse structures.

• Recognize greenhouse components.

• Understand how to maintain greenhouse structures and equipment.

• Identify careers related to greenhouse operations and maintenance.

Words to Know 
aspirated thermostat

cold frame

cool cell

eave

emitter

fogger

gable

glazing

greenhouse orientation

greenhouse range

high tunnel

horizontal air fan (HAF)

hotbed

louver

manometer

perforated convection tube

photocell

ridge

shutter

static pressurre

sump pump

sump tank

thermostat

topography

vent

Before You Read
 Before reading this chapter, review the highlighted terms within the body. Determmine the 

meaning of each term.
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Greenhouse Planning
Planning is the most important step in the purchase or construction process. 

Numerous factors must be considered before construction or purchase of a 

greenhouse. These factors include site location, crops to be cultivated, climate, 

greenhouse orientation, operating costs, and market opportunities. These aspects

of greenhouse construction, operation, and management all infl uence the fi nal

decision regarding the selection or construction of a greenhouse facility.

Site Location
Selecting the location for a greenhouse is not as simple as fi nding a piece 

of land to buy or rent. Signifi cant thought must go into determining where a 

greenhouse will be erected. Physical characteristics of the site must be considered. 

“The young plants
may be defended

from cold and 
boisterous windes,

yea, frosts, the
cold aire, and hot
Sunne, if Glasses
made for the only
purpose, be set
over them, which

on such wise
bestowed on the
beds, yeelded
in a manner to

Tiberius Caesar,
Cucumbers all the
year, in which he

took great delight.”
—Thomas Hill

T s Caesar ailed from an unknown illness. he Roman emperor Tiberius

o eat a cucumber each day as treatment. HHHHHHiHHHiHiHiHHHHHHHHHiHHHHiHHH sss medical team advised him to

arkets, electricity, or running water. IInnnnnnIInnInn 333300 BCE there were no superm

in Rome’s climate seemed impossible.TTTTTToToToToToTTo ggggggrow a cucumber year round 

e a structure that could grow a cucumberTTTTTTTiTTTTTTTTT bbbbebebeeebb rius rallied his team to create

e ancient Romans enclosed a stone-walled ffofofoofooofooofofoofooooorr r r hhis daily consumption. These

nearly translucent mineral that breaks ssssssststtssssstststtssttsttss rrrrururuurrrurr cture with sheets of mica (a n

own as a specularium, was surrounded iinininnnninniniininiinininnni ttttoooo thin pieces). This house, kno

provided the additional heat needed forbbbybbyyyybbbbbbbybbbbbybbbyybyyy cccconstantly burning fi res that p

he birth of the greenhouse.ggggrgrgrgrrgrggrrggggggggggrrggg oooooooowowooooo ing cucumbers. This was th

the world vary from small backyardToday, greenhouses around 

tures, mmmmomomomoomomoomommmmmmmmmmmmm ddedd ls to beautiful, grand struct Figure 18-1.

MKDK/Shutterstock.com

Figure 18-1. The royal greenhouses in Laeken (Belgium) were built in the late 1800s. 

Progress in construction methods and materials allowed builders to create elaborate 

greenhouses that housed fruit-bearing trees as well as ornamental plants. Do you think 

that greenhouses are as popular now as they were in earlier centuries?
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The features of the land include topography (the elevations and slope of a specifi c y
land area), drainage, and soil quality. Obstructions on the site and access to

utilities and adequate roads must also be considered. These characteristics dictate 

whether a site can be considered as a possibility for a greenhouse.

Level Site
Sites should be nearly level to reduce the costs of excavation. Land that 

has a signifi cant slope must be leveled. This grading requires the use of 

excavation equipment and labor and adds signifi cant 

costs to the construction of the greenhouse. Level 

sites provide convenient access for customers and 

workers and make it easier to use equipment and 

machinery, Figure 18-2. Several greenhouses or a 

greenhouse range (connected greenhouses) can be 

constructed on a level site. This arrangement may 

help to control construction costs.

Greenhouses should not be placed on peaks or in

valleys. Higher elevations are often windier than lower 

elevations. Greenhouses placed in low areas may not 

have proper air circulation. Because cold air settles in 

low areas, greenhouses in low areas may require more 

heat, costing more money. Low areas also are at risk for 

standing water or fl ooding after heavy rains.

Drainage and Soil Quality
Adequate drainage and soil quality are important considerations when 

choosing a greenhouse site. Greenhouses that are housed on gravel instead of 

concrete slabs must have soil that drains. If they do not, water will stand on the 

greenhouse fl oors. A site that has a loam or sandy soil will offer better drainage.

Soil quality is extremely important for fi eld-grown nursery operations. If 

there is any possibility of a greenhouse operation using this growing method, 

then the soil quality must be determined. A soil pH of fi ve to seven is ideal for

growing nursery plants in the ground. Although soil can be amended, avoid

soils with extreme pH levels. Soils should have the ability to hold water and

nutrients. Good soil structure contributes to better plant growth. In addition, a 

site with proper soil structure helps support foot and equipment traffi c.

Obstructions
Greenhouse locations should be free of obstructions. Obstructions include:

• Large stones and outcroppings of rocks. These obstacles can restrict 

the use of equipment and machinery.

• Trees. The area should not be shaded by trees, especially evergreens. 

Deciduous trees may provide some benefi cial coverage during

summer months while leaving the site exposed in winter months.

• Buildings. Structures can shade the area and make it diffi cult for 

machinery to maneuver.

• Recreational sites. Thrown objects can damage greenhouses.

Did You Know?
The oldest greenhouse 

in the United States 

is on the Lyman 

Estate in Waltham, 

Massachusetts. This 

glass greenhouse was 

designed by English 

gardener William Pell.

The house was erected 

in 1793, and a complex 

of four greenhouses was 

constructed from 1798 to

1930. Two hundred years

later, these greenhouses

stand strong and are 

open to the public.

My Life Graphic/Shutterstock.com

Figure 18-2. A large, flat greenhouse floor allows 

room for the placement of irrigation equipment.

Corner Question

Where is the highest 

mountain peak in 

North America?

Jodi
Sticky Note
I feel like I selected a poor image. Rarely does a greenhouse have wood on the floor, especially in a professional house. Let's try this one instead.Shutterstock: Image ID: 213957532

Jodi
Sticky Note
As cold air.... we shouldn't start a sentence with because, right?

Jodi
Sticky Note
the soils do not drain (the sentence is a little hard to understand if you didn't read the previous one).
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Although wooded areas should be avoided, a windbreak or nearby 

hills can be benefi cial. A natural tree windbreak or a hill located to the north

and northwest of the site help to reduce wind speed in winter months. This 

defl ects cold air from the site.

Nearby Utilities
Electricity, fuel, and water must all be available in a greenhouse. Check 

on the availability of utilities to the site and determine what types of fuel can 

be supplied (natural gas or propane, for example). Water must be supplied 

to this site by a well, a retaining pond, or the city water system. Each of these 

methods has its own set of advantages and disadvantages. Some growers 

use multiple water sources. Well water should be analyzed to ensure it has 

the proper pH, low levels of salts, and average or minimum levels of mineral 

impurities.

Road Access
The greenhouse site must have ready access to roads. Many growers 

prefer to build near a major roadway or interstate highway. Some growers

prefer access to nearby airports as well. Whether a grower sells directly to the 

public or to wholesalers, easy access to roads is important.

Crops to Be Cultivated
The crop a grower will produce may determine the location

and type of greenhouse that will be constructed. Finding

the ideal location for a specifi c crop helps to alleviate future 

problems. The economic value of a crop also affects how much

money will be used to construct a greenhouse. Low-value crops

do not need a state-of-the-art greenhouse. Crops must provide

profi ts to help pay for the greenhouse. Therefore, a greenhouse

must be selected to match the value of the crop.

Climate
Climate refers to the general weather pattern for a 

geographical area. The crop selected for growth should match

the climate of the proposed greenhouse location. Factors to 

consider include the maximum and minimum temperatures,

precipitation, and wind. Weather history related to violent 

storms (hurricane, tornadoes), extreme droughts, or heavy 

rains should also be considered. Geographical features of the 

area, such as a large body of water, can also affect climate

conditions

A feature that is often forgotten is the number of hours of 

daylight in an area, The number of hours of natural sunlight 

has an enormous impact on plant growth. Alaska has nearly 

24 hours of daylight during certain times of the year. At other

times, this same location is cloaked in darkness for more than 

20 hours a day, Figure 18-3.

Did You Know?
Saratoga Springs, 

New York, boasts some 

of the purest mineral 

water in the world. There

are 18 mineral springs

located in the city for

public use. Each spring

has its own unique flavor

based on its mineral 

contents.

Corner Question

How many miles

of roads are in the 

United States?

Cheryl A. Meyer/Shutterstock.com

Figure 18-3. Day length impacts the 

growth of plant material. These gigantic 

cabbages were grown in Alaska, where 

they have nearly 20 hours of daylight each 

day during the summer months.
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Greenhouse Orientation
Greenhouse orientation is the way a greenhouse is positioned on a 

site. Greenhouse orientation affects the amount of sunlight that enters the 

structure. It also affects heating and cooling effi ciency. Greenhouses should 

be positioned in a way that maximizes sunlight throughout the year. This 

orientation will increase plant growth and help create higher profi ts. General 

rules regarding greenhouse orientation include:

• Greenhouses above 40°N latitude in the Northern Hemisphere should 

run east to west.

• Greenhouses below 40°N latitude should run north to south.

• Ridge and furrow greenhouses 

(described later in the chapter) at all 

latitudes should run north to south. This 

orientation balances a shadowing effect 

that happens from the roof and gutter of 

each neighboring greenhouse, allowing 

the shadow to pass over each house 

throughout the day.

• Head houses (solid structures normally 

used for transplanting or storage) should 

be placed at the north end of north-to-

south oriented greenhouses.

Greenhouse doors should not open into 

prevailing winds. Ventilation equipment, such 

as exhaust fans, should face away from the 

prevailing wind. Cooling equipment should face 

the prevailing wind, Figure 18-4. All these factors

contribute to an energy-effi cient greenhouse.

Operating Costs
Various factors contribute to the costs of 

running a greenhouse business. Some of these 

factors include property taxes, fuel, labor, and 

transportation. Operating costs vary by greenhouse 

site. Property taxes are higher near urban areas, 

fuel costs vary almost hourly, and labor may 

not be plentiful or dependable in some areas,

Figure 18-5. The amount of available workers

dictates what can be grown and maintained at a 

greenhouse operation. Labor costs are an important

consideration when selecting a location for a 

greenhouse business. Transportation facilities must 

be accessible. Growers deal with transportation 

and delivery logistics every day of the year. 

Together, these economic factors contribute to the

selection of a greenhouse site.

igor kisselev/Shutterstock.com

Figure 18-4. Greenhouse growers must consider the 

direction of prevailing winds when determining the 

structure’s orientation. Ventilation facing prevailing winds 

will struggle to exhaust air from inside the greenhouse.

michaeljung/Shutterstock.com

Figure 18-5. Greenhouse labor is needed for a 

greenhouse operation survive.
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Market Opportunities
A greenhouse located close to its target market improves the opportunity

for sales, reduces shipping costs for customers, and protects crops from 

damage before customer delivery.

Market opportunities are also affected by the number of competitors in 

the area. Geographic areas with a small population cannot sustain a large 

number of greenhouses. This point is null, however, for growers intending 

to sell to a regional or national market. In this case, growers may want to 

position themselves near other regional or national growers. Growers often 

cooperate with one another on the use of equipment, labor, and shipping or 

by providing a needed supply to other growers.

Prospective greenhouse locations must also assess the future market 

and the opportunity for expansion. Growers cannot truly predict market 

trends. However, growers can create a plan to direct the operation in reaching 

the desired size. There must be enough space to accommodate additional 

greenhouses, buildings, storage sites, parking areas, shipping facilities, and

any other facilities that will be needed for the growth of the company.

Greenhouse Structures
Greenhouse structure styles vary with each plant production facility.

Each type of structure meets the needs of a specifi c crop. Types of greenhouse

structures include even span, uneven span, lean-to, Quonset, Gothic arch, 

ridge and furrow, and sawtooth, Figure 18-6. In addition to greenhouses, 

other structures used for growing horticultural plants include cold frames, 

high tunnels, and hotbeds.

“Who loves a
garden loves a

greenhouse too.”
—William Cowper

Hill

Building

Sawtooth

Uneven SpanEven Span

Lean-ToTT

QuonsetGothic Arch

Ridge and Furrow

Goodheart-Willcox Publisher

Figure 18-6. Greenhouses provide a protected environment for plant growth throughout the year.
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Even Span
When asked what a greenhouse looks like, most people describe an 

even-span greenhouse. On an even-span greenhouse, the distance on the roof 

from the eave to the ridge is the same on both sides of the greenhouse. The 

eave is the part of the greenhouse roof that meets the wall of the greenhouse. 

The ridge is highest point of a greenhouse roof. This type of structure allows 

even light distribution throughout all parts of the greenhouse.

Uneven Span
This greenhouse structure is commonly used on a slope or area with 

reduced daylight. On hills or slopes, the short side of the roof is on the upper 

side of the grade. When used in locations that have less daylight, the longer 

side of the roof faces the direct sun rays. In both of these situations, uneven 

span greenhouses are a wise choice.

Lean-To
A lean-to greenhouse is one-half of an even-span greenhouse connected 

to a wall of another existing structure. This type of greenhouse is usually 

placed against a south wall of the existing building. Shade from the existing 

building poses a problem. Therefore, the greenhouse should be erected to run 

east to west to make the most of the available sunlight. In these greenhouses, 

summer overheating and excess moisture may be problems.

Quonset
The roof of a Quonset greenhouse is a semicircular arch that begins at 

the ground level. Since there is no gable (the part of a wall that encloses the 

end of a pitched roof), there are no supporting posts or roof pitch. Quonset 

greenhouses can be diffi cult to ventilate properly. Many growers use Quonset

houses because of the inexpensive construction costs. However, if low-quality 

or weak materials are used in the construction process, the structure may 

be damaged by high winds. In areas that receive a great deal of snow, these 

structures may not be able to hold the load and can collapse.

Gothic Arch
A Gothic arch greenhouse has a similar structure to a Quonset

greenhouse, but with a gable down the center of the roof. This structure can 

withstand greater snow loads than a Quonset greenhouse. This structure 

allows condensation to run off, reducing the amount of water that would 

drip onto plants or people inside the greenhouse.

Ridge and Furrow
A ridge and furrow greenhouse encloses a large area under one roof. Several 

even-span greenhouses are joined at the eaves. There are no inside walls where 

the eaves join. Gutters are placed on top of posts where the eaves meet. This 

construction method is used in larger commercial ventures. This is one type of 

greenhouse range (a series of greenhouses that are attached to one another).
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Sawtooth
A sawtooth greenhouse covers a large area and consists of a series of roof 

spans, sloped in the same direction, with a 2″–4″ ″ vertical opening between ″
each roof. The sawtooth greenhouse structure was very popular in the 1970s 

and 1980s in regions where snow is not an issue. This design is commonly 

used in tropical regions because of the increased ability to circulate air and 

the ease of cooling provided by the vertical openings between roof levels.

Other Growing Structures
In addition to greenhouses, cold frames, 

high tunnels, and hotbeds provide protection or 

enhanced growing conditions for plants.

Cold Frames
A cold frame is a structure used to grow 

plants that is passively heated (heated by the 

sun). It is a small structure that has a vent 

for releasing built-up heat, Figure 18-7. Cold 

frames walls can be made from wood, concrete, 

straw bales, or other materials. Glass, plastic, 

or cloth covers the top and allows light to reach 

the plants. During the day, the cover of the cold 

frame is opened to prevent overheating. At 

night, the cover is closed.

High Tunnels
A high tunnel is a square or semicircular 

structure made of a frame and a covering, 

such as a plastic fi lm, Figure 18-8. It is heated 

by the sun and is used to extend the growing 

season for plants. High tunnels are commonly 

used to cultivate edible crops. These structures 

offer protection from frost and modify the

environment enough to enhance the production 

of plants. High tunnel structures insulate plant 

material and also provide protection from 

heavy winds and rain. High tunnels are used by

vegetable and fruit growers around the world.

Hotbeds
Similar to cold frames, a hotbed is a 

structure consisting of four walls and a glass 

or plastic top. The main difference between 

hotbeds and cold frames is that hotbeds include an additional source of 

heat. Heat is supplied via a heating cable, hot water, steam, or a mass of 

decomposing organic material placed beneath the plants.

Alison Hancock/Shutterstock.com

Figure 18-7. Cold frames can be used to grow young 

seedlings and bedding plants. What types of plants grow 

best in a cold frame?

USDA Natural Resources Conservation Service

Figure 18-8. High tunnels can be used to protect crops 

from excessive rain, wind, and frost.
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Greenhouse Components
Greenhouses work because all the parts function together in a system.

These components are part of an overall system that is used to heat and cool 

a structure intended to grow plant material effi ciently.

Covering Materials
Several types of materials can be used to cover a greenhouse structure. 

Glazing is the covering material that is placed on the outside of the structure. g
The glazing forms the weatherproof seal that permits adequate quantities of 

sunlight into the building for plant growth. Selecting which covering material to

use depends on durability, cost, light transmission, rate of heat loss, lifespan of 

material, and maintenance costs of each material. Four common types of glazing 

are glass, polyethylene fi lm, polycarbonate fi berglass, and Solexx paneling.

Glass
Glass is the most transparent of the listed materials and

allows the most light to reach the plants. Glass allows a great

deal of heat loss, however, and is initially expensive. Glass has 

the longest lifespan of any covering material, but it is fragile 

and heavy. Adequate support must be built to carry the load.

Polyethylene Film
Polyethylene fi lm is inexpensive, lightweight, and

easy to install. Polyethylene is a plastic fi lm that has only

moderate durability (lasting usually two to three years) 

and light transfer. Solexx paneling is a polyethylene 

material that is durable, fl exible, and easily installed. A thin 

wall of insulation between two outside layers provides 

additional energy savings. The material is relatively 

inexpensive and lasts for at least 10 years, Figure 18-9.

Thinking Green
High Tunnels in Organic Gardening

An organic vegetable farm is not complete without
a high tunnel. This growing structure provides the ideal 
environment for extending growing seasons or providing a 
closely controlled system for the cultivation of leafy greens, 
strawberries, and other plants. Crops are planted directly into 
well amended soils or into straw bales. High tunnel systems 
are used to cultivate vine crops such as tomatoes and
cucumbers. These crops can be grown vertically and easily 
supported with a system of clips and string. High tunnels 
offer protection from extreme temperatures and climates. 
They help prevent the invasion of pests and pathogens, and 
allow intensive crop production on a small area of land. USDA

Courtesy of Solexx and the Greenhouse Catalog

Figure 18-9. Flexible Solexx panels allow for a 

variety of installations.
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Polycarbonate Fiberglass
Polycarbonate fi berglass is a corrugated, multiwall material that is almost

indestructible initially. Light transfer is high but diminishes over time. This product 

usually must be replaced every 10 to 20 years as it become brittle from weathering.

Fans
Fans aid in air circulation, ventilation, and temperature regulation of a 

greenhouse. Fans turn on based on a temperature reading that is determined

by the use of a thermostat. A thermostat is a device that measures t
temperature. The thermostat probe is placed at plant level and shielded from 

direct sunlight (to prevent a misread). Two types of fans used in greenhouses 

are exhaust fans and circulation fans.

Exhaust Fans
Exhaust fans are large fans that pull air out of the greenhouse and work 

in conjunction with vents and cooling systems. These devices work to force air 

out of the greenhouse, removing stagnant air and reducing temperatures and

plant disease. These fans help create a cooler environment for plants and for 

those working in the greenhouse during hot summer months, Figure 18-10.

Circulation Fans
Circulation fans help create constant temperatures throughout a greenhouse 

or high tunnel. Mounted fans hang above plant material and force heated air to 

circulate evenly to all plants. These fans improve plant production, reduce heat

stress, eliminate condensation on walls and ceilings, keep greenhouses fresher,

and improve working conditions. Several types of circulation fans are available. 

A common type is a horizontal air fan (HAF). These fans are mounted overhead 

around the greenhouse to gently guide warm air in a circulating pattern.

Did You Know?
Polyethylene film 

greenhouses usually 

consist of two layers. The 

double-layer film reduces 

heat requirements by 

40%. The inside layer is 4 

mil and the outside layer

is 6 mil. A mil is a unit 

of measure that equals 

one-thousandth of an 

inch. Between the two

layers of polyethylene 

film is a 2″ space. A″
fan blows air through 

the layers and creates

an insulation barrier

between the outside air

and the inside air.

Chris Hill/Shutterstock.com

Figure 18-10. The circulating fan near the ridge of this greenhouse helps distribute warm air.

Safety Note
FaFann SaSaffettyy

AlAlAllll ffafansns mm sustt hhave 

a protective cagge e

susurrrrouououndndndinininggg thththeee blblbladadadeseses tttooo 

enensusurere tthahatt nonothththiiningg (h(haiairr, 

clothing, or body parts) 

can get entangled. Fan 

blades move as quickly 

as the blades of a mower 

and can cause just as 

much damage.

Corner Question

What is a hydrothermal 

vent?
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Louvers, Shutters, and Vents
Regardless of the time of year or temperature, greenhouses need fresh 

air to reduce disease and supply the carbon dioxide needed for optimum 

plant growth. Greenhouse features that help supply fresh air include louvers, 

shutters, and vents, Figure 18-11.

• Louvers—Vertical or horizontal slats placed in a frame that can be 

angled to allow air and light exchange between the greenhouse and 

the outside environment.

• Shutters—Area of the greenhouse that can be opened or closed to allow or 

prevent air exchange between the greenhouse and the outside environment.

• Vents—Part of the greenhouse that can be opened to release built-up heat

to the outside environment, reduce condensation, and improve airfl ow.

C Robert Schneider/Shutterstock.com

Figure 18-11. Greenhouses have several features to provide fresh air. A—Cooling pad louvers help to bring in air 

that then goes through the cooling cells and evaporates. The exhaust fans help to pull in cooled air and then move 

that air down the length of the greenhouse. B—Shutters can be opened or closed depending on the environmental 

requirements of the greenhouse. C—Greenhouse vents are often located near the ridges of the building. They release 

air that has been heated inside of the greenhouse due to radiant energy.

A LYphoto/Shutterstock.com B marekuliasz/Shutterstock.com

(This is why drafts feel cooler in poorly ventilated 
buildings.) Greenhouses with adequate static pressuurre
will fewer cold spots and no drafts at the level wheree 
plants are located.

A manometer is a device used to measure sstaatiic r
pressure by determining the difference between innssiddeee
and outside air pressure. This is expressed by inchess
of water column (wc).

vvoe/Shutterstock.com

STEMSTEM Connection Connection
Static Pressure

SStaatic pressure is the force exerted by a still 
lliqquuid or gas, especially water or air. When exhaust 
fffaanss aaree running, there is usually a minor air pressure 
ddddeccreeasse in the building compared to outside air 
ppppressurre. Using exhaust fans creates negative 
ppppressurre, drawing air into the building. This method 
cccconntroolss air exchange and is efficient and simple.

PProoper negative pressure pulls air into the 
ggggreennhoouse at the appropriate speed and direction 
fffoor mixing with native air. Cold air passes into the 
ggggreennhoouse through vents and is denser than warm 
aaaair inssidde. The cold air must be forced in at the 
pppproopeer speed or this air will fall down toward the floor.
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Evaporative Cooling
Evaporative cooling systems create cool air through the process of 

evaporation coupled with hot air removal. This commonly used cooling 

method is considered the most energy-effi cient method for a greenhouse.

The process begins in a sump tank. This holding container stores several

gallons of water. A sump pump (a motor that pulls water from one location 

to another) forces the water through pipes that saturate cool cells (cellulose

pads or panels) with water, Figure 18-12. As the water evaporates into the 

greenhouse, the water changes from a liquid to a gas. This is called a phase 
change. Energy is lost from the air, resulting in a temperature reduction. 

To improve the cooling process, an exhaust fan is placed at the opposite 

end of the greenhouse to pull warm air through the greenhouse. On the 

other side of the evaporative cooling wall is a cool cell louver, Figure 18-13.

Kavee Vivii/Shutterstock.com

Figure 18-12. A cooling 

cell made of cellulose is 

dampened with water. The 

water evaporates off the cells 

to cause a cooling effect in 

the surrounding environment.

zhu difeng/Shutterstock.com

Figure 18-13. The brown wall at the far end of the greenhouse, past the plant material, is 

the evaporative cooling system.

UMB-O/Shutterstockk.ccomm

STEMSTEM Connection Connection
Retractable Roof Greenhouse

RReetractable roof greenhouses provide basic protection to 
cccrops uusing stationary or retractable insect screening. They have 
cccurtain systems for shading, heat retention, and light blocking. 
TTTTheey allso have perimeter walls with roll-up curtains. Roofs allow 
mmmmaxximmuum light and infrared radiation during the early morning 
aaaandd laatee afternoon to warm plants and maximize photosynthesis. 
RRRRettraccttable roofs can provide natural sunlight and allow a great 
dddeaal oof air exchange. Retractable roofs are expensive and the 
innveesttmment must be carefully considered.
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The air is coldest near the evaporative cooling pad and warms from radiant 

energy as it passes through the greenhouse to the exhaust fans.

Heating Systems
Several types of heating systems are used in greenhouses. These systems 

include hot water heating, infrared heating, steam heating, and forced hot air 

heating. The overall goal of the system is to heat a space that quickly loses 

heat in the most effi cient and economical manner. An accurate thermostat 

reading is essential for effi cient heating.

Hot Water Heating
In a hot water heating system, a boiler is used to 

heat water. The water circulates through heating pipes 

throughout the greenhouse. Heat is released from pipes 

that are in the vicinity of the plants. These pipes can 

be under growing tables or on the fl oor. This method 

distributes heat evenly throughout the greenhouse. This 

method takes a long time to heat a greenhouse and is 

expensive to install.

Infrared Heating Systems
An infrared heating system uses propane or 

natural gas to heat a steel radiant tube to temperatures 

between 500°F and 800°F (260°C to 427°C). A fl ue 

discharges heat between 150°F and 200°F (66°C to

93°C). In this system, plants and soil are heated rather 

than the air as in traditional circulating air systems. 

These systems are hung in the peaks of the greenhouse, 

Figure 18-14.

Steam Heating
With steam heating, pressurized steam is forced through pipes. As steam

condenses to water, it gives off heat. The condensed water returns to the 

boiler, is reheated, and the process begins again. Steam can be transported 

effi ciently, and there are fewer pipes needed than for hot water systems.

Overheating can be a problem. Maintenance costs are higher, and steam 

nozzles may clog.

“Don’t build a
glass house if you
are worried about
saving money on

heating.”
—Philip Johnson

jeka84/Shutterstock.com

Figure 18-14. Infrared heating systems became 

popular in the 1990s, especially in retail settings. 

Do you recognize this type of heater?

Safety Note
StSteaeam HHe tatiingg

StStSteaeamm iisis ppototentiti lallly 

ddangerous. There iss aa 

dadaangngngererer ooofff sesesevevevererere bbburururnsnsns 

toto gggrereenenhohouse e woworkrkererss atat 

the site of line breaks or 

near steam nozzles.

Safety Note
CaCarbrbonon MMonoxididdee

UUnUnititit hhheaeateters cre tate a lethal ggasas bby-y prprododucuctt knknowownn asas ccararbobon mono ixidde.
TTo ensure that thihis s gagag ss dododoeseses nnnototot pppoioioisososonnn pepepeopopoplelele ooorr lplplananttsts iiin ththe grgg eeeeenhnhnhououousesese,
a a heheatatatinininggg unununititit mmmusususttt bebebe cccouououplplplededed wwititithhh a hhhe tater venentitilalatitionon ssysystetemm. TThihiss veventnt iiss 
ususuauallllyy y aa tutubebebe ttthhahattt rurunsns ttoo ththee ououtstsididee anandd alalllows tthhe gas to dissipate into the 
surrounding environment and not within the greenhouse walls.

Corner Question

What produces 5% of 

all carbon dioxide (CO
2
) 

created in the world

each year?
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Forced Hot Air Heating
In a forced hot air heating system, unit heaters 

distribute hot air evenly throughout a greenhouse 

with the help of circulating fans. Perforated tubing 

also may be used. Tubes made of polyethylene line 

the length of the greenhouse above the benches. 

Plastic tubes with small holes (called perforated 
convection tubes) release the air that is blown down 

the tube. The heaters are often fueled via steam, hot 

water, propane, or natural gas, Figure 18-15.

Floors
Flooring is an important component of a 

greenhouse. Several choices are available, each with

its own advantages and disadvantages.

Standard Concrete
Standard concrete is extremely durable 

and can withstand heavy loads. This material is 

best suited for areas with heavy foot traffi c or

where equipment and machinery will be used. 

This material does not drain and should not be 

placed in greenhouse aisles or under benches, 

Figure 18-16.

Porous Concrete
Porous concrete permits drainage, prevents 

puddling, and prohibits weed growth. Unlike 

standard concrete, no sand is included in this mix. 

Porous concrete has only about one-fourth of the 

strength of standard concrete. It is well-suited for 

aisles and walkways or areas for equipment not 

weighing more than 600 pounds.

Jodi Riedel/Goodheart-Willcox Publisher

Figure 18-15. A unit heater is important for heating the 

greenhouse during colder temperatures.

Thinking Green

Stocksnapper/Shutterstock.com

Burning Biomass to Fuel Greenhouses

Greenhouses feel the pressures of the fuel crunch. 
Rising costs of fuel impact profits. Some greenhouses turn to 
alternative energy sources. Burning wood chips, wood pellets,
corn, and other grains have helped some greenhouses become 
more energy efficient. This green technology is sustainable and 
much more cost efficient than using energy sources such as 
propane.

Corepics VOF/Shutterstock.com

Figure 18-16. This greenhouse floor is made of a 

nonporous concrete. The floor can be flooded to water 

the plants.
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Gravel
Gravel fl ooring material cannot be sanitized 

and so can allow weeds, disease, insects, and 

pests to travel into the greenhouse, Figure 18-17. 

While gravel is an economical choice initially,

costs associated with disease prevention and loss 

can surpass the savings. In addition, fl oors made 

of gravel (or soil) may not adequately drain. 

This can cause puddles and slippery fl oors that

create safety hazards for workers or customers. 

An economical compromise is to use porous 

concrete in aisles and walkways and to use 

gravel beneath benches.

Benches
Benches are structures that place plants 

above the fl oor in a greenhouse. Considerable

thought and care must be invested before selecting a bench material. Wood, 

concrete, and plastic are materials commonly used for greenhouse benches.

Wood
Hardy wood can be selected from locust, redwood, cedar, and cypress 

trees. These woods should be treated with a preservative to diminish decay 

caused by the high humidity of a greenhouse 

environment. Wood tends to warp and 

absorbs chemicals, disease, or soils found in 

the greenhouse. Removing these contaminants 

can be a diffi cult task. Wood also requires

more maintenance than other materials used 

for benches.

Concrete
Some growers pour an entire bench 

structure, legs and all, from concrete. This 

process creates permanent benches. It 

is important that drainage be provided 

within these bench systems. They are easily 

sterilized and little maintenance is required, 

Figure 18-18.

Plastic
Plastic benches, often prefabricated, are lightweight and durable. They 

can be moved easily and can aid in creating a customer-friendly environment 

in the greenhouse. They are easier to maintain and sanitize than wood 

benches. However, plastic benches may not be as durable as other bench 

materials.

Rigucci/Shutterstock.com

Figure 18-17. Gravel floors can be problematic because they 

cannot be thoroughly cleaned and are breeding grounds for 

insects and disease.

PerseoMedusa/Shutterstock.com

Figure 18-18. Concrete benches are permanent. Once they 

are placed, they stay in that location.

Corner Question

How do scientists

determine the hardness 

of a wood?
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Irrigation
Irrigation applies water to the growing media of greenhouse plants 

using a number of methods. Two basic methods of greenhouse irrigation are 

overhead watering and subirrigation.

Overhead Watering
Overhead watering involves wetting the foliage of plants in addition 

to wetting the media in which the plants are growing. There are several 

methods of overhead watering:

• Hand watering. Workers use a watering wand and breaker (head of the 

watering wand that has small holes to emit water) to distribute water 

over the plant. This system is an ineffi cient use of labor. Water is often

wasted and splashes on leaves, leading to the spread of plant disease.

• Overhead sprinklers. These systems have a tendency to waste water and 

wet the foliage, which can lead to plant injury or disease. The nozzles

from this system often have a circular pattern that overlaps. Plants may 

receive too much or too little water. Sprinklers and nozzles can provide 

various sizes of droplets from a fog to a mist to a normal raindrop.

Thinking Green

Baloncici/Shutterstock.com

Recycling Pallets for Greenhouse Benches

A portable, inexpensive, and earth-friendly 
bench system is one made of reused pallets.
The pallets are placed on top of cement 
blocks. These benches are very inexpensive 
and easy to assemble or disassemble. This 
system also keeps pallets out of the local 
landfill or from being burned. The pallets will 
decompose over time so they are not suitable 
for a retail greenhouse. Wood pallets may also 
be engineered into unique structures, such as a
mobile greenhouse growing system.

BW Folsom/Shutterstock.com

Safety Note
IrIrririgagatition

KKeKeepep hhhososes offff tthhe gground soo 
thth tat workers and ccusustotomemeersrsrs dddooo nononottt 
trripipp ooonnn thththememem. ThThThisisis iiisss alalalsososo sssafafafererer ffforor ttthhhe 
plplanantsts. FeFe eweer r dididiseseasaseses wwililll bebe ssprpreaeadd 
when hoses do not touch plants or the 
floor. A trolley system may be used to 
prevent hoses from being contaminated 
with insects or pathogens living on the
greenhouse floors.

gtfour/Shutterstock.com
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• Drip irrigation. This system saves water and labor 

while promoting overall plant health and vigor. 

Tubes are placed within each plant’s growing 

medium, Figure 18-19. Plants are slowly watered

via an emitter, a device that releases water in an r
irrigation system.

• Water trays and saucers. Underneath each of the 

plants is a system of saucers that collects water that 

did not go into the pot during overhead watering. 

This reduces runoff and leaching by allowing later 

water absorption by the plant. These inexpensive 

products also are reusable.

• Boom irrigation. Pipes fi tted with water nozzles 

move over the tops of plants and water them. This 

system is also used on seedlings, cuttings, and plugs. An overhead rail 

that is powered by a motor or a cart moves the watering system above 

the plant material.

Subirrigation
Subirrigation, also called zero runoff irrigation, 

delivers water to the roots of plants below the soil surface. 

Subirrigation is an environmentally responsible irrigation

option. Benefi ts include water and fertilizer conservation 

(by at least 50% compared to overhead systems); improved

plant health; vigorous, uniform plant growth; and reduced 

labor costs. Subirrigation is done using fl ood fl oors, trough

systems, ebb and fl ood systems, or capillary mats.

• Flood fl oor—a perfectly sloped fl oor made of 

nonporous concrete is fl ooded with a nutrient 

solution. Berms are installed along the fl oor to

create zones. PVC pipes under the concrete supply 

water and quickly remove nutrient solution from 

the area. The nutrient solution returns to a holding 

tank where it is treated to maintain the proper 

pH and nutrients and to ensure that it is free of 

disease-causing pathogens, Figure 18-20.

jacglad/Shutterstock.com

Figure 18-19. Drip irrigation is an effective 

and efficient way of watering evenly. It helps to 

conserve water and money.

Ruud Morijn Photographer

Figure 18-20. This greenhouse floor is flooded 

with water. Water submerges all the pots for a 

few minutes, and then the water drains to be 

recycled for plant use.

Thinking Green
Subirrigation Reduces Water Consumption

Agriculture is the number one consumer of fresh water in the world. In 
the United States, agriculture consumption is 80%; it is more than 90% in the 
western states. Subirrigation systems can significantly reduce consumption 
through recirculation of water and reduction in evaporation or runoff. 
Greenhouses also receive an economic return from improved plant growth and 
quality when using subirrigation systems.
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• Trough system—a trough is placed at a slight grade over existing 

benches (about a 3% slope). Pots are spaced throughout the trough and 

tubes emit a nutrient solution that passes the base of the pots. Water 

collects at the low end and fl ows into a storage tank for recycling.

• Ebb and fl ood system—completely 

level trays or benches, 4″ or 6″ ″ wide,″
hold plants. A nutrient solution

fl oods these watertight benches

approximately 1″ deep for 10 minutes. ″
A valve is opened and the solution 

drains through a fi lter to a holding

tank. The solution is used again after

it is treated against disease and the

pH and nutrients are adjusted.

• Capillary mat—pots are set on

a mat material saturated with a 

nutrient solution. The plant takes 

up the nutrient solution through the 

holes in the pot. The mat material is 

placed on top of a drip tube which 

supplies the nutrient solution and 

a plastic tarp holds the mat and 

prevents water loss, Figure 18-21.

Additional Greenhouse Equipment
Several types of devices and equipment available in commercial 

greenhouses help growers maintain an optimal growing environment 

for plants. This equipment includes controls, thermostats, humidistats, 

photocells, lights, shade cloths, fertilizer injectors, and weather stations. 

These items may be considered a luxury in hobby greenhouses.

Controls
Many types of control systems are available for use in greenhouses. Some 

simple control systems automatically turn on equipment, such as heaters, 

fans, and evaporative cooling fans. These controls work with sensing devices, 

such as a thermostat, to relay information to a computer program. These 

systems are programmed to react to the data that is presented. Systems costs 

vary widely, depending on the technology. Some systems can be controlled 

remotely by a smart phone or other devices. This allows plant growing 

conditions to be monitored and changed if needed.

Thermostats
Thermostats and aspirated thermostats are used to measure temperatures 

and work with control systems. An aspirated thermostat is a device that t
measures temperature and has a small fan attached to blow the air across 

the temperature sensor. An aspirated thermostat provides more accurate 

temperature readings to relay to the control system.

PRILL/Shutterstock.com

Figure 18-21. Capillary mats include a water pipe under a geotextile 

mat. The plants absorb water through a process called capillary 

action.
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Humidistats
A humidistat monitors the relative humidity within a greenhouse. Humidity 

plays a major role in plant health, and excessive humidity can lead to disease. 

Additional humidity can be supplied with a fogger. Foggers atomize water 

into tiny droplets, smaller than mist. This can help increase humidity and also

decrease the greenhouse temperature.

Photocell
Some control systems (especially those with fewer digital parts) may use

a photocell to determine the time of day. A photocell is a device that readsl
the amount of light that is present in an area, in a measurement known as 

foot-candles, Figure 18-22.

Lights
Many production greenhouses provide supplemental light during periods

of low light, to extend day length or to break up a night to promote fl owering of 

photoperiodic plants. Supplemental lighting options include:

• Incandescent lighting—common home lights that light up instantly, 

give off warm light, and are inexpensive but ineffi cient. They have a 

short life span of only 750–2500 hours. These lights are not useful for 

growing quality plant material.

• Compact fl uorescent lighting—bulbs last 7000 to 24,000 hours 

depending on bulb type. Bulbs provide a full spectrum of fl uorescent 

light that resembles natural light.

• High pressure sodium lighting—recommended for supplemental lighting

where natural lighting is already present. These lighting fi xtures produce

a warm white light and have a lifespan of 16,000 to 24,000 hours.

• Light-emitting diode (LED) lighting—popular lights with life spans 

of 35,000–50,000 hours. This lighting uses 75% less energy than 

incandescent bulbs.

• Metal halide lighting—recommended for areas with no natural 

lighting. These light fi xtures provide crisp, white light and have a 

lifespan of 5000–20,000 hours.

Thinking Green

Leena Robinson/Shutterstock.com

Energy Efficient Poinsettia Production

Poinsettia production can be extremely costly because these tropical 
plants require warmer temperatures in November and December. This 
increase in temperature means higher use of energy resources as well. 
Cold growing involves using an early flowering cultivar that tolerates colder
temperatures. Growers can reduce the temperature of the greenhouse by up 
to 15°F (–9.4°C) and still grow beautiful poinsettia plants. Several advantages 
of this method include better shipping capabilities and hardiness of the 
poinsettia, fewer chemical growth hormone applications, and less frequent
irrigation (since plant media will stay saturated longer in cooler temperatures).

Carlos Yudica/Shutterstock.com

Figure 18-22. A photocell 

measures the amount of 

light in a greenhouse in 

foot-candles.

Corner Question

What is a foot-candle 

of light?
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Shade Cloth
Shade cloth is a material that stops some sunlight from 

reaching the greenhouse. This material can be placed on top 

of the greenhouse or inside of the greenhouse, Figure 18-23.

Some greenhouses have automated shade cloths that 

cover crops for portions of the day based on temperature 

or photocell readings relayed to a control system. This 

reduction in light prevents some photosensitive crops from 

being damaged by the light and also reduces temperature 

during periods of intense sunlight and high outdoor

temperatures.

Fertilizer Injectors
Fertilizer injectors are machines that inject concentrated 

water-soluble fertilizers into the irrigation system used in 

the greenhouse. The water that is released into the hose

or irrigation system is a diluted concentration of fertilizer

and water. Rates of fertilizer are applied in parts per

million (PPM) of nitrogen. The grower must formulate a 

stock solution according to the type of injector, the ratio 

of fertilizer injected to water, and the amount of nutrients 

in the fertilizer being used. Several types of injectors are 

available for growers and they vary in precision and price,

Figure 18-24.

Weather Stations
A weather station is a device that measures the

humidity, sunlight, precipitation, and temperature. It 

provides valuable information about outdoor weather

conditions and the greenhouse environment. This data

is used by control equipment and computer programs.

CNRN/Shutterstock.com

Figure 18-23. Shade cloths help stop light 

from getting into a greenhouse, keeping 

greenhouses cooler.

Thinking Green

mihalec/Shutterstock.com

Greenhouse Curtains

Energy-saving curtains reduce heating and cooling
costs. The curtains (also called screens, thermal blankets,
and night curtains) cover the roof and sometimes the 
sides of the greenhouse to reduce nighttime heat loss and
daytime heat gain by forming a thermal barrier. The curtains 
can reduce nighttime heat loss by 20%–75%, reducing 
heating costs by 30%–50%. Summer shading (blackout 
material) energy savings range from 15% to 99%, reducing 
temperatures by an average of 10°F (–12.2°C) when using 
a semiporous aluminum material. These savings decrease 
costs for growers and conserve resources.

Jodi Riedel/Goodheart-Willcox Publisher

Figure 18-24. A fertilizer injector adds a 

small amount of concentrated fertilizer to 

the water that is being supplied to plants.
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It helps growers make decisions about how to change a 

greenhouse’s growing environment to promote optimum plant 

growth. A weather station may be mounted on a rooftop or on

a free-standing pole, Figure 18-25. 

Maintaining Structures and 
Equipment

To make sure that a well-constructed greenhouse has a long, 

useful life, greenhouse owners must follow certain maintenance 

procedures regularly. A greenhouse is a major investment that 

needs structural and equipment maintenance to keep in it good 

condition.

Structural Maintenance
Greenhouses are structures that house plants and employees. 

This area must provide conditions made for plant growth and 

workers safety.

Greenhouse Structures
Greenhouses can be made from a variety of materials,

including wood, metal, and plastic. Each type of material requires 

periodic inspection and maintenance.

• Wood—check for rot and insect infestation. Inspect areas

for diseases that include algae and fungi growth. Wood must be 

cleaned and painted or stained to prevent decay.

• Metal—inspect for rust. Remove rust with a metal brush and repaint.

• Plastic—has a very long life span, but can degrade due to 

photosensitivity. Inspect the material to see if it is sturdy and can 

support materials. If the plastic material is broken, repair it or dispose 

of it appropriately.

Check all doors, fl ooring, supports, and framing to identify needs for 

structural repairs or repairs.

Greenhouse Covering Materials
Greenhouse coverings or glazing materials may need to be repaired or 

replaced over the course of the greenhouse life.

• Glass—replace broken panels. To provide shading in summer months, 

glass is sometimes whitewashed with a semipermanent paint to make 

the panels opaque.

• Polycarbonate—has a useful life of 10–20 years. As the material ages, 

repair or replace broken or brittle panels.

• Polyethylene plastic fi lm—has a lifespan of two–three years. This 

material will become brittle and discolor. Once brittle, it must be 

replaced.

“Everybody talks
about the weather, 
but nobody does

anything about it.”
—Charles Dudley 

Warner

Igors Jefimovs/Shutterstock.com

Figure 18-25. A weather station can 

help growers make decisions about 

how to change the greenhouse 

environment. Where else might you 

see a weather station?

Corner Question

What color should 

greenhouse structures 

and equipment be 

painted?
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Greenhouse Equipment Maintenance
All the equipment inside the greenhouse works together to make the 

greenhouse operate and function as an artifi cial growing space. If just one 

item does not work properly, this can lead to lost crops and income.

Fans
Exhaust and circulating fan safeguards must be continuously monitored for 

worker protection and effi ciency of environmental controls. Maintain a schedule 

to monitor protection guards, fan bearings, motors, and fan belts. Fan belt 

tension must be checked monthly. Replace fan belts when worn, weak, or frayed.

Heating Equipment
Heating units and all heating-related equipment must be maintained. 

A heating unit that does not work effi ciently can harm crops, especially by

contaminating the air. Follow these maintenance guidelines:

• Provide adequate levels of oxygen to gas-fi red units.

• Ensure heating units are vented to the outside.

• Follow the maintenance manual for heating units.

• Have all servicing of heating units and equipment done by a certifi ed

technician.

Cooling Pad Systems
Several items work together to create a 

cooling effect in the greenhouse. The cooling pad

system works with louvers, exhaust fans, and a 

control system to perform evaporative cooling. 

Water quality contributes to the effectiveness of 

a cooling pad system. Cooling pads, if properly 

maintained, can last for up to 10 years. They are 

most effective, however, in the fi rst fi ve years of 

service, Figure 18-26. Follow these procedures to 

maintain the cooling system:

• Clean the sump tank of particulates or

impurities that settle at the bottom of the tank.

• Ensure that the water source for all outdoor

sump tanks is covered to keep the tanks free 

of insects, diseases, and debris. Before cold 

weather arrives, drain the sump pump, the 

pipes, and the sump tank to avoid damaging 

the equipment.

• Check for clogs in the PVC line that delivers water to the cool cells. 

Make sure that any foreign materials are expelled.

• When the cool cells are dried, gently brush off any algae or dirt.

• During the summer months, algae grows on the pads, reducing their

effectiveness. Use an algaecide or a peroxide product to reduce algae 

growth in the recirculating tank.

Did You Know?
The greenhouse effect

happens not only on 

our planet but also in 

the greenhouse. Short 

wavelengths of light 

enter the greenhouse

and are absorbed. The

energy converts into 

heat energy and is 

radiated in the form of

longer wavelengths that

cannot pass through the 

greenhouse covering 

material. The radiant 

energy builds up. As a

result, the temperature 

of the greenhouse 

increases significantly.

nature10/Shutterstock.com

Figure 18-26. These cooling pads are being cleaned using 

an organic peroxide solution that is effective in controlling 

bacteria, fungus, algae, and many other pests.
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Planning Maintenance Procedures
A state-of-the-art greenhouse has many pieces of equipment that are key 

to successful plant growth. Overlooking any of these maintenance procedures 

could negatively impact the greenhouse. Follow these guidelines when 

planning maintenance procedures:

• Read all owner’s manuals and determine the maintenance needs of 

each piece of equipment.

• Create a spreadsheet that outlines what must be maintained on each 

piece of equipment and how often.

• At least once a week (daily is preferred), walk through the 

greenhouse and check equipment to determine if any item is working 

improperly.

Greenhouse Structure Careers
The greenhouse construction industry offers a number of rewarding 

careers. Each of these positions has specifi c educational requirements

and various abilities. The careers highlighted in this section focus on jobs 

requiring some plant knowledge. Along with horticultural information, each 

career has a unique skill set that is required of the professional.

Greenhouse Engineer
Greenhouse engineers have an educational background that focuses 

on engineering, (specifi cally agricultural engineering). A greenhouse 

engineer focuses on engineering greenhouse structures for commercial, 

independent, academic, and research facilities. The services provided 

by greenhouse engineers include planning, consulting, designing,

building, and producing feasibility studies for greenhouses. They design

greenhouses and the equipment that helps the greenhouse to function. 

Greenhouse engineers may perform inspections, project management, 

or evaluations as well. Greenhouse engineers should be critical thinkers,

analysts, and problem solvers. They should also have communication 

skills as they work often with other professionals or team members. This 

position requires a strong foundation in science, technology, engineering,

and math.

Greenhouse Construction Worker
Greenhouse construction workers are part of both the construction and 

agricultural industry. They use heavy equipment, work with electricity, and 

deal with fuel sources. They also use ladders and work in elevated areas. 

Safety is the number one priority while working. Greenhouse construction 

workers should be physically fi t and enjoy working outdoors. This job is 

also mentally demanding. Individuals must be able read plans created by 

an engineer and then create a structure from those plans. Workers must also 

communicate effectively and have strong math skills.

Did You Know?
The Netherlands has 

over 9000 greenhouses 

that account for 0.25% 

of its total land use.

Safety Note
UnUnplplug EEquq iippment BBefefororee

SeSeServrvrvicicicinininggg

Before yyouou sstatartrt ttooo

wowoworkrkrk ooonnn anananyyy itititememem iiinnn thththee 

grg eeee hnhhouousese,, bebe ssururee 

that the power source 

has been shut off. If 

you are working on 

anything electrical in the 

greenhouse, power down 

first to ensure your safety 

and the safety of others.
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AAs an account executive at Stuppy Greenhouses of 
NNorthh Kansas City, Missouri, Neil Devaney’s experience in 
the grreenhouse industry helps him with his diverse customer
bbase.. Neil and his team design and build structures that meet 
their ccustomers’ needs. He is responsible for making initial 
ccontaact with garden centers, schools, commercial growers, 
aand nnurseries along the East Coast of the United States. 
HHe unnderstands greenhouses and customizes designs and 
eequippment for each grower’s unique environment and crops.

DDevaney graduated from Clemson University with a 
ddegreee in agricultural economics. He has more than 21 years of 
eexperrience in the greenhouse industry. Challenges he faces in
the industry include price pressures for raw materials and selling 
sstructtures that are expensive. He creates lasting relationships 
wwith ggreenhouse growers by ensuring that the products that the 
ccustomers use are valuable to the grower’s mission.

AA trend that Devaney has noticed in greenhouse sales has been a change in culture for greenhouse
ggroweers. Today’s growers are steering towards supplying food. Aquaponics, hydroponics, herbs, fruits, andd 
vvegettables are being grown in greenhouses. Growers are filling a need for fresh food. In addition, Devaneey 
hhas nnoticed that growers with fewer than three acres in production are consolidating. These growers on 
ssmaller operations are often family-run businesses, but younger family members are not always interestedd 
in susstaining the companies.

TThe greenhouse industry has changed significantly over the past two decades. The future of this 
indusstry will continue to evolve to serve customers seeking beauty and food from plants.

Neil Devaney
Career ConnectionCareer Connection

Account Executive, Greenhouse Sales

Neil Devanney
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Review and Assessment

CHAPTER 

18
Chapter Summary
• Planning for greenhouse construction or purchase depends on the 

site location, crops to be cultivated, climate, greenhouse orientation, 

operating costs, and market opportunities.

• Structures used for growing horticultural plants include greenhouses, 

cold frames, high tunnels, and hotbeds. Types of greenhouse structures 

include even span, uneven span, lean-to, Quonset, Gothic arch, ridge and 

furrow, and sawtooth.

• Greenhouse components contribute to the overall function of the 

greenhouse. For optimum plant growth, growers use various coverings, 

fans, louvers, shutters, and vents. Cooling and heating systems, 

fl ooring, benches, and irrigation systems are also important parts of the

greenhouse system.

• Several types of devices and equipment are available in most commercial able in most com

greenhouses. These items help growers maintain an optimal growing ntain an optimal growi

environment for plants and may include controls, thermostats, onontrols, ther

humidistats, photocells, lights, shade cloths, fertilizer injectors, and hs, ferrtitililiz r injectors, and

weather stations.

• To make sure that a well-constructed greenhouse has a long, usefulenhouse has a long, usse

life, greenhouse owners must follow proper maintenance procedures per main

regularly. Keeping the greenhouse structure and the related equipment inure and t

good repair is important for successful operation of the greenhouse.peration o

• Many careers are related to the design, construction, maintenance, and onsnstrtructio

sales of greenhouses. Greenhouse engineer, greenhouse construction er, greennhh

employee, and greenhouse sales account executive are three examples of d greenhouse sales account executive

these careers.s.
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Words to Know 
Match the key terms from the chapter to the correct defi nition.

 A. aspirated thermostat

 B. cold frame

 C. cool cell

 D. eave

 E. emitter

 F. fogger

 G. gable

 H. glazing

 I. greenhouse orientation

 1. The part of the greenhouse roof that meets the wall of the greenhouse.

 2. The part of a wall that encloses the end of a pitched roof greenhouse.

 3. The highest point of a greenhouse roof.

 4. A device used to measure static pressure.

 5. A device that measures temperature.

 6. A device that measures temperature and has a small fan attached to blow the air across 

the temperature sensor.

 7. A machine that emits tiny water droplets in order to cool a greenhouse or add humidity.

 8. A device that releases something, such as water, in an irrigation system.

 9. The way a greenhouse is positioned on a site.

 10. A structure consisting of four walls and a glass or plastic top that uses a heat source to 

encourage plant growth.

 11. A plastic pipe with holes that distributes heated air in a greenhouse.

 12. A motor that pulls water from one location to another.

 13. A part of the greenhouse that can be opened to release built-up heat, reduce

condensation, and improve airfl ow.

 14. A device that reads the amount of light in an area, measured in foot-candles.

 15. A holding container or reservoir for water.

 16. A structure made of a frame and a covering, such as plastic fi lm, in a semicircular or 

square shape that is heated by the sun and used to extend the growing season for plants.

 17. The covering material of a greenhouse.

 18. A small structure used to grow plants that is passively heated by the sun and has a vent 

for releasing radiant and built-up heat.

 19. A series of greenhouses that are attached to one another.

 20. A pad or panel made of cellulose that is used in an evaporative cooling system for a 

greenhouse.

 J. greenhouse range

 K. high tunnel

 L. horizontal air fan (HAF)

 M. hotbed

 N. louver

 O. manometer

 P. perforated convection 

tube

 Q. photocell

 R. ridge

 S. shutter

 T. static pressure

 U. sump pump

 V. sump tank

 W. thermostat

 X. topography

 Y. vent
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 21. A fan that is suspended above the growing environment of a greenhouse and circulates air.

 22. The force exerted by a still liquid or gas.

 23. An area of the greenhouse that can be opened or closed to allow or prevent air exchange 

between the greenhouse and the outside environment.

 24. An angled slat that allows air and light exchange between the greenhouse and the

outside environment.

 25. The elevation and slope of a specifi c land area.

Know and Understand 
Answer the following questions using the information provided in this chapter.

 1. List factors to consider when planning for a greenhouse.

 2. What are some characteristics that should be considered when selecting a greenhouse 

location?

 3. Why is greenhouse orientation important? Which way should a greenhouse be oriented?

 4. What are some factors that contribute to the costs of running a greenhouse business?

 5. List seven types of greenhouse structures.

 6. What are four types of growing structures used for horticultural plants?

 7. What is the main difference between hotbeds and cold frames?

 8. Three types of greenhouse glazes include glass, polyethylene fi lm, and polycarbonate 

fi berglass. List the advantages and disadvantages of each.

 9. Describe the function of an exhaust fan in a greenhouse.

 10. Describe the function of circulation fans in a greenhouse.

 11. What are three greenhouse features that are used to help supply fresh air in the

greenhouse?

 12. Explain how an evaporative cooling system works in the greenhouse.

 13. What are some types of heating systems used in greenhouses?

 14. What procedures are followed to ensure that carbon monoxide gas from unit heaters 

does not poison people or plants in the greenhouse?

 15. How do standard concrete and porous concrete differ?

 16. Explain the function of greenhouse benches and list three materials commonly used to 

build them.

 17. What are fi ve methods of overhead watering for plants in the greenhouse?

 18. What are some benefi ts of using subirrigation for plants in a greenhouse?

 19. What are some types of devices and equipment found in commercial greenhouses that 

help growers maintain an optimal growing environment for plants?

 20. What can greenhouse owners do to help ensure that a well-constructed greenhouse has a

long, useful life?

 21. What education is needed to prepare for a career as a greenhouse engineer? What are 

some duties or activities of this job?
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Thinking Critically
1. During your summer break, your teacher asked you to take care of the school’s plants

while she is on vacation for a week. Just after the teacher leaves, you learn that the person 

who promised to drive you to school every day is sick and will not be able to provide 

transportation. What do you do to remedy this situation?

2. Your greenhouse has overhead irrigation and hoses for hand watering. Hand watering 

is so time-consuming that a student would have to miss class to water the greenhouse 

plants. The overhead sprinklers could be used, but you are not sure how long the 

sprinklers will need to run to ensure that everything is saturated. How would you 

determine how long to irrigate the plants with the overhead sprinklers?

STEM and Academic Activities
1. Engineering. Design your school’s greenhouse to scale using one of the following: a 

ruler, an architect or engineer’s scale, or an online or virtual design program.

2. Math. Determine the area in square feet and volume in cubic feet of your school’s 

greenhouse. Next, determine the total exposed surface area. If your school does not have 

a greenhouse, determine the area and volume of your classroom.

3. Math. Determine how much concrete or gravel would be needed to cover the fl oors of 

your greenhouse or classroom to a depth of six inches.

4. Social Science. Write an editorial for your school or community newspaper that outlines 

how your school’s greenhouse uses energy. Describe what could be done to improve 

your school’s growing environment and make it more sustainable.

5. Language Arts. Visit a local garden center or greenhouse and make a list of its 

equipment. Talk to the employees. Ask them to explain any equipment you are not 

familiar with.

Communicating about Horticulture
1. Reading and Speaking. Select a historical era that interests you. Using at least three 

resources, research the history of greenhouses in that era. Include topics such as

structural advances, environmental controls, and technological advances. Using the 

information gathered through your research, write a report. Present your report to the 

class using a presentation graphics package.

2. Reading and Speaking. Water rights trigger heated debates among people from different

parts of the country. Identify a water-based agricultural issue either in your state or your 

region of the country. Research that issue and follow the National FFA Organization’s 

career development event guidelines for the Agricultural Issues Forum to prepare an 

analysis and presentation of the issue for local civic groups.
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SAE Opportunities
 1. Exploratory. Job shadow a greenhouse sales 

employee.

 2. Exploratory. Create a design for a greenhouse and 

determine how much the greenhouse would cost to 

build.

 3. Experimental. Create a series of small hoop houses 

made of different transparent materials, such as 

polyethylene plastic, polycarbonate, and another 

product of your choice. Put the same type of plant

under each type of glazing and compare the growth of the plants under each material.

 4. Improvement. Work with your instructor to develop a plan to improve your 

greenhouse in one way. Find the funding for this project through grants or

fundraising efforts and make this project become a reality.

 5. Entrepreneurship. Create a service for cleaning greenhouses and sanitizing them 

after each planting season.
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