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PREFACE


It is early spring, and outdoors the trees are just starting to send out leaves. But in the greenhouse you bite into a fresh, juicy tomato that you have just plucked from a vine. Nearby, key limes and oranges await harvesting, their citrusy aroma wafting through the warm, humid air. Flowers, including fuchsias, orchids, and paperwhites, add their heady fragrance to the mix. These are just some of the pleasures of owning a home greenhouse.


And there is more than just the sheer joy of picking produce and flowers out of season that makes a home greenhouse so appealing. A greenhouse can be a warm, inviting place to put chairs or a hammock to relax in, or it can be an addition built onto your house that helps to provide home heating when the weather is frigid. One day after a winter snowstorm in Rhode Island, I brushed the snow off the greenhouse that is attached to my office. Once the sun hit the greenhouse glass, the temperature inside quickly reached 78°F (25°C). Just by opening the connecting office door, I was soon enjoying all that warmth and humidity without turning on a heater. I felt like I had been transported to Florida despite the snowy outdoor landscape.
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Baskets of fuchsias hanging from the rafters bring rich color to the home greenhouse.





Greenhouses can be used for other purposes as well. You can create a fish-tank system that circulates nutrient-rich water to irrigate an exotic mix of lush tropical plants or hydroponic strawberries. You can store tender plants over the winter months. You can even start a small business propagating and selling specialty plants. The possibilities are limited only by your imagination.


As soon as you buy or build a greenhouse you will probably want to know more about keeping your plants growing year-round. I would suggest you join the Hobby Greenhouse Association, whose members use the website and quarterly magazine to keep abreast of news and information in the home greenhouse world. Oh, and I edit the magazine, so I know that it’s full of inspiration and practical information, much like this book.


Roger Marshall


Jamestown, RI




ONE


CHOOSING THE RIGHT GREENHOUSE
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A typical kit greenhouse has a conventional shape and an aluminum frame, and is glazed with polycarbonate panels.





Plants that are grown outdoors must be well suited to their environment. They thrive in response to the daily rise and fall of temperatures, the change of the seasons, and the amount of light available to them. But many gardeners long to grow plants that would not survive in the conditions found outdoors in their gardens. That’s why many choose to grow plants in a greenhouse.


When buying or building a greenhouse, your first basic choice is whether it should be freestanding or attached to your home, each of which has its advantages and drawbacks. The second choice is whether you intend to heat it through the winter months and, if so, how much you are willing to spend in order to do so. Knowing the temperature you need to maintain in your greenhouse over the winter months will help determine the style of greenhouse and many of its features. Temperature requirements in turn depend on what kind of plants you intend to grow. Do you want to grow cool-season edibles or heat-loving summer vegetables like tomatoes and peppers? Would you use the greenhouse for plant propagation and seed starting? Or would you like to grow specialty plants like orchids or bromeliads? All these options call for different heating and lighting needs.


In general, an unheated greenhouse lets you grow plants rated for about one USDA climate zone warmer than your local area. This translates to about five to eight degrees Fahrenheit (two to four degrees Celsius). Another way to think of it is that you’ll add two to three weeks on each end of the growing season. But if you provide supplemental heat and light in the greenhouse, you can grow any kind of plant you like—as long as you are willing to pay for it. An aluminum-frame, single-pane glass greenhouse used to house tropical orchids through a New England winter could easily cost hundreds of dollars a month to heat, whereas a simple unheated polytunnel could double your winter vegetable production.


Greenhouse Shapes and Sizes


The shape of a greenhouse determines the amount of light that reaches plants and also affects its heat efficiency. The majority of kit greenhouses have a very simple design, with four sides and a peaked roof, a conventional freestanding shape that is optimum for ease of shipping and construction, but not as efficient for heating a space in which to grow plants. The amount and type of glazing—whether glass, polycarbonate, fiberglass, or polyethylene film—varies between models. Here are the most common types of greenhouse shapes, both freestanding and attached.




CONVENTIONAL


The most common style of greenhouse, including most prefabricated kits. Has vertical sides and a roof that slopes up toward a central ridge. Can be framed with wood, steel, or aluminum, and glazed with glass or any kind of polycarbonate, acrylic, or fiberglass. Best orientation for maximum light penetration: axis east-west.
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GOTHIC ARCH


The sides curve toward a central ridge, which prevents the roof from sagging under a snow load. Can be constructed from scratch or purchased from a supplier. Framed with wood, steel or aluminum; only suitable for flexible polycarbonate or fiberglass glazing due to the curved sides. Best orientation for maximum light penetration: axis east-west.
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HOOP HOUSE


Also known as Quonset or high-tunnel greenhouses, hoop houses have a frame of curved steel hoops and are covered with greenhouse-grade polyethylene film. A double layer of film with warm air blown between the layers forms a more effective heat barrier than a single wall. These greenhouses can withstand snow and wind, but they must be properly anchored down. On hot, sunny days, any greenhouse can heat up quickly and overheat plants, hoop houses without ventilation in particular. Best orientation for maximum light penetration: axis east-west.
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GEODESIC DOME


These interesting structures have something of a cult following, but they do require some construction expertise. Geodesic domes offer a large floor space that can be organized in many different ways. For instance, you might place a fish tank in the center as part of an aquaponic system. Can be glazed with glass or polycarbonate. Best orientation for maximum light penetration: door facing east or west.
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GAMBREL ROOF


Much like a conventional shape but with a gambrel roof that provides more headroom. Framed in wood, steel, or aluminum, and can be glazed with glass, polycarbonate, or fiberglass. Best orientation for maximum light penetration: axis east-west.
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A-FRAME


The best shape for low-growing plants, as it has a very large area at the base and less volume higher up. Easy to construct with wood framing and can be glazed with polycarbonate or acrylic. Similar to the A-frame is a wedge-shaped greenhouse. Due to its large glazed surface facing the sun, a wedge-shaped greenhouse should be energy-efficient, and in many ways it is. But this design has a drawback. Because you want the glazing to be at right angles to the sun, heat tends to collect in the highest part of the greenhouse, away from the plants. Best orientation for maximum light penetration: facing south, axis east-west.
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PIT


Set below grade with a concrete foundation and retaining wall; may be any shape, and can be freestanding or attached. Retains heat better than above-ground types, has less glazed area. Best orientation for maximum light penetration: facing south.
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ATTACHED


“Lean-to” is a commonly used term for a structure that is built against a wall. The wall may be part of the house, a shed, a garage, or even a barn. For best heat retention, should be set against an insulated wall and located on the south side of the structure, although it can also be on the east or west side. May be built with either the ends or side against the wall.
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Which Is Best, a Freestanding or Attached Greenhouse?
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A freestanding greenhouse.


FREESTANDING


Advantages


•  The size, shape, and style are up to you (although its size may be limited by building codes).


•  It can be located on any suitable site on your property.


•  The structure can easily be expanded.


•  The garden area around it can be landscaped so that the greenhouse is close to outdoor crops, cold frames, and compost areas.


•  You can orient the roof to exactly the correct angle to the sun (for winter warmth) and wind (for summer cooling).


Disadvantages


•  Power and water will need to be supplied from the main outlets, which usually means digging a trench or trenches.


•  In cold-winter areas you will have to make your way through the snow to reach it.


•  Heat loss is greater than with an attached greenhouse.


•  Greenhouses further from the house are more vulnerable to intruders.
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An attached greenhouse.


ATTACHED


Advantages


•  Your greenhouse can be part of your home, serving as a sunroom or even a conservatory.


•  On sunny days, the structure can help to heat your home.


•  Hooking up electricity and water from the home systems is simpler.


•  It is accessible no matter what the weather or time of day or night.


Disadvantages


•  You must have a suitable location against a south-, west-, or east-facing wall.


•  The structure’s dimensions may be limited by the side of the wall it is built against.


•  The greenhouse can drain heat from your home on cold nights.


•  Greenhouse odors can permeate your home (flowers smells are welcome, however).


•  Depending on the shape of the roof above the greenhouse, snow can slide onto it.


•  An attached greenhouse usually must be built to residential codes and the glazing may have to meet specific requirements.





If you are an experienced gardener, you will stuff your greenhouse with plants almost within minutes of erecting it. My advice is to buy the biggest greenhouse that you can afford to heat. If you are a novice, start small and expand when you have a better idea what kind of plants you like to grow and how much time and money you want to spend. The larger the greenhouse, the easier it is to avoid huge temperature swings, making larger greenhouses more efficient (although total costs will be greater, of course).


Keep in mind that whether you build a simple hoop house or a spacious conventional greenhouse, if you are using the greenhouse for crops you are likely to need large in-ground growing beds or plenty of room for containers to get a suitably large harvest.




Cold Frames


In addition to a full-size greenhouse, many gardeners like to have one or more additional structures to stretch out the growing season, particularly for edibles. A simple cold frame topped with glazing (facing south and angled at 90 degrees to the sun) can give you extra space to grow crops into the winter, to start seedlings, and to harden off plants before planting them out in the garden.
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Old windows can easily be repurposed to cover a cold frame. Set them at a 90-degree angle to maximize winter sun exposure.








Greenhouse Types and Heating Needs


Your main aim in the greenhouse is to create the right microclimate for your plants. The feature that allows you to do this most efficiently is your choice of glazing material, followed by the type of framing, and then the fit and style of openings such as doors and windows. Of lesser importance is how well the base or foundation is insulated. In general, single-pane glass loses the most heat; double- or triple-pane loses far less heat. Similarly, double- or triple-wall polycarbonate panels lose less heat than single-wall panels. Aluminum-frame greenhouses lose more heat through the framing than wood-frame structures do.


Holding onto Heat


Surprisingly, the shape of the greenhouse only affects the heating needs depending on the amount of glazing; those with more glazed surface and less insulation require more supplemental heat to stay warm. If you can minimize the amount of glazing in your greenhouse you will cut down on heat loss and the costs of keeping it warm.




GLAZING AND HEAT LOSS


The shape of the greenhouse affects the amount of heat lost through the glazing, framing, and foundation. But you can moderate this effect by choosing the most heat-efficient glazing. The amount of heat needed to heat the greenhouse is measured in BTUs (British Thermal Units). As you can see, increasing the R-value of the glazing significantly lowers the amount of supplemental heating you will need to provide to keep the greenhouse warm during the winter months.
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Because little sunlight shines through the north side of the greenhouse (unless you live south of the equator), why have a glazed north wall? You can either build a solid wall or insulate the glazed north wall of your greenhouse to preserve heat. In theory, that suggestion could also apply to the north side of the roof, but I have found that plants do not grow well when they have a solid roof on the north side of the greenhouse, because some sunlight does enter from this side of the roof. On the other hand, both short ends of a greenhouse are normally glazed, but I have found that having insulated east and west ends does not slow plant growth.


If we assume that a greenhouse has a total base area of 96 square feet (9 square meters) and stands 8 feet (2.4 m) high, we can make a quick calculation of both the glazed area and the volume to be heated and the amount of glazing for the different styles of greenhouse. As you can see from the chart above, these numbers vary considerably for each style, and they have a big effect on the amount of heat that the structure will lose. R-value is the resistance of a material to heat flow. Glazing that has a high R-value will more effectively prevent heat from escaping the greenhouse. A typical single-pane window has an R-value of 1 or 2, while a double-pane window may have an R-value of 4 to 6.


The amount of supplemental heat you need to provide also depends on where in the greenhouse you intend to grow your plants. For most plants in growing beds, the ground needs to be kept warm but the air temperature is not as critical. (There are also a few plants that prefer their roots to be cooler than their leaves.) Plants growing in containers and grow bags, however, require warm air or insulation around them. If you are growing hydroponically or aquaponically, you must ensure that neither the plants nor the growing solution freezes.


Most plants grow best in temperatures that range from 50°F to 75°F (10–24°C). At the lower end of that range are plants such as cymbidium orchids, some annual flowers like phlox and snapdragons, and cool-season vegetables like the brassicas. Heat-loving plants include many orchids, cacti, tropical plants like brugmansia, and crops that originated in warmer climates such as eggplants, peppers, and tomatoes.
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Insulation board or plastic bubble wrap are both effective insulating material. Secure insulation to the inside of the greenhouse walls on the north, west, or east sides in winter.





Greenhouses are typically divided into four types based on the plants’ temperature preferences: the cool (unheated) greenhouse, the temperate greenhouse, the warm greenhouse, and the tropical greenhouse.


The Cool Greenhouse


Temperature range varies according to zone


An unheated greenhouse will keep the interior about five to eight degrees Fahrenheit (two to four Celsius) higher than the outside temperature. It also blocks cold winds, rain, and snow. But by insulating the interior of the greenhouse and implementing a few heat-retention devices during the colder months, you can raise the interior temperature ten to fifteen degrees Fahrenheit (five to seven Celsius) above the exterior temperatures. This means that gardeners even in zones 5 and 6 can find ways to use an unheated greenhouse year-round.


Inside the winter greenhouse, you can continue growing hardy vegetables in growing beds through the winter in most regions from zone 6 and warmer, provided you keep the nighttime temperatures above freezing. But plant growth stops at about 45°F (7°C), so you should aim to have your plants fully grown before temperatures reach this point. They will usually survive for harvesting all winter long. If you want to keep container plants alive during the winter months, you will need to provide supplemental heat and either mulch the pots or set them in the ground.




Climate Zones


The US Department of Agriculture plant hardiness zones are a useful tool for greenhouse growers because they tell you the expected minimum and maximum temperatures for your region. Plants are assigned a hardiness rating based on the minimum temperature. Within each zone, however, there may be microclimates that are either warmer or colder than the norm, and within plant families there are often exceptions to the general rule.


•  The USDA map can be found at usna.usda.gov/Hardzone/ushzmap.html


•  A simple map for Canada can be found at planthardiness.gc.ca/


•  For hardiness ratings for the UK with USDA equivalents, see rhs.org.uk/Plants/Plant-trials-and-awards/pdf/2012_RHS-Hardiness-Rating


•  For Europe, see gardenweb.com/zones/europe/





During the summer months, the greenhouse is filled with warm-season vegetables such as tomatoes, melons, and peppers. Spring and fall are ideal for all kinds of plant propagation and for starting seeds of vegetables and bedding plants for later transplanting outdoors.
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The cool greenhouse is typically a structure with no supplemental heating, although you can improve heat retention through the use of various techniques.
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Even in an unheated greenhouse, you can get an early start on seedlings both for transplanting outdoors and for those that will grow to maturity in the greenhouse.





The Temperate Greenhouse


40–50°F (4°–10°C)


The temperate greenhouse is a good compromise between a cool and warm greenhouse with nighttime minimum temperatures dropping as low as 40°F (4°C). At this temperature, many tender plants (such as artichoke, citrus, figs, and olives) will survive through the winter, but they won’t grow much. If exposed to very low, even freezing, temperatures, most citrus don’t die, they simply drop their leaves and start growing again when the temperatures warm up. Many annual flowers will also survive, but they will probably grow leggy in the lower light levels. A temperate greenhouse is also suitable for starting most cool- and warm-season annuals several weeks before last frost.
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Temperate and warm greenhouses can house a much wider variety of plants than a cool greenhouse, including tender ornamentals and edibles.





The Warm Greenhouse


55–60°F (13–16°C)


Warm greenhouses have a nighttime minimum temperature of about 55°F (13°C) and a daytime minimum of about 60°F (16°C). Many ornamental plants, including some orchids and tropical vines, can survive at these temperatures, but often flowering plants will only bloom when temperatures are consistently warmer and light levels are higher. Other tender ornamentals like fuchsias and geraniums, and many bulbs, will flower (provided the latter have been stratified—exposed to a period of cool and then warm temperatures, if necessary). You can also keep tender shrubs, fragrant vines, and fruit trees like citrus in the warm greenhouse.


Houseplants that prefer bright conditions, foliage plants, and ferns will thrive in this environment through the winter months but summer temperatures may rise too high, calling for shading or other cooling measures.


The Tropical Greenhouse


60–70°F (16–21°C)


No matter where you live, a tropical greenhouse can keep most heat-loving plants alive through the winter by maintaining a nighttime minimum temperature above approximately 60°F (16°C) and a daytime minimum at about 75°F (24°C). You can grow some exotic fruit in the tropical greenhouse, such as citrus and mango, as well as tropical herbs like galangal, ginger, and lemongrass. In the ornamental greenhouse, you can enjoy the fragrance of heat-loving orchids like Vanda or Phalaenopsis, along with flowering plants like amaryllis, bougainvillea, bromeliads, and plumeria.
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The tropical greenhouse is a moist and lush growing space that can be filled with exotics, but care must be taken in summer to prevent the greenhouse from overheating.





In cooler zones, keeping the greenhouse this warm in winter will require double- or triple-pane glazing, some form of additional membrane to cut down on air loss through the external structure, and an efficient heating system. Attached greenhouses make good choices for growing tropical plants because the structure is partially heated by the main house.




Inheriting A Greenhouse


Suppose you have just purchased a property and there is a greenhouse in place. If possible, find out from the previous owners what they used the greenhouse for, and how they heated it. Then review the advice in this chapter before deciding whether to keep the structure as is or to adapt it for your needs. It is often the case that you’re better off getting rid of an existing greenhouse (selling it locally, if possible) and starting off with a structure that really fulfills your requirements.





Like a warm greenhouse, the tropical greenhouse may be too hot in summer. Most plants stop growing when temperatures reach over 85°F (30°C). You will need to shade and ventilate the greenhouse to keep it cooler.


The Orchid and Bromeliad House


Orchid houses, like many other styles of greenhouse, can be freestanding, attached, and virtually any shape, but they will need to be suited to the type of orchids that you want to grow. Different categories of orchids have very different light and temperature needs, which will dictate the type of glazing, heating, and lighting needs for your structure (see pages 172–175). Bromeliads generally thrive in similar conditions to epiphytic orchids, but they are tolerant of a wider range of temperatures and humidity.


To house orchids, your greenhouse will usually need to be heated. Even orchids that prefer cool temperatures require nighttime lows of 45–55°F (8–13°C) and heat-loving orchids need minimum temperatures that do not fall below 60°F (16°C). All orchids need to have some variation (usually a minimum of ten degrees Fahrenheit/five degrees Celsius) in temperature from day to night, so you will need to carefully monitor temperatures in the orchid house. Some orchids, such as Cattleya and many Vanda species, require high light levels for six to eight hours a day; Miltonia and Odontoglossum require a moderate amount of light; and the understory orchids such as Paphiopedilum prefer lower levels of light for up to five hours a day. The appropriate glazing will ensure you have the correct light levels in the greenhouse, but you may also have to use some method of shading in the summer months. You can also grow orchids under lights, but in most cases additional lighting is used to supplement sunlight or force orchids into bloom outside their normal blooming period.


Rather than heating the entire orchid house, you may wish to create different heat zones in the greenhouse (which is a considerable investment) or build a smaller (often plastic) greenhouse-within-a-greenhouse to keep heat-loving orchids at higher temperatures. You can also move heat-loving orchids into your home during the winter months, provided you can give them enough humidity.


Orchid houses need to be kept humid, which may call for a misting system. If the greenhouse is attached to the home, high humidity levels may cause structural rot to the house framing, so you will have to install some kind of moisture barrier.
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Understanding the lighting, heating, and humidity requirements of different types of orchids will help you create the right conditions for them to thrive.





The Cacti and Succulent House


If you are a cactus lover and live anywhere north of the Mason-Dixon line, you will have to keep most of your cacti in a heated greenhouse. Although there are some hardy cactus and succulents, the minimum temperatures for most of these plants is no lower than 40°F (4°C). For the most part these are desert plants that do not require high humidity or watering levels, but not all types prefer desert-like conditions; some cacti are native to the forest canopy rather than arid climates. These include the familiar Christmas cactus, which prefers slightly lower light levels and more humidity than other cacti.
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Cacti and succulents are unusual and undemanding plants that come in an astonishing variety of shapes and colors, often with bizarre spines and vivid flowers.





Succulents are easy-to-grow plants that also require little in the way of irrigation because they store water in their fleshy leaves. Like cacti, they vary in their lighting and heating needs, but for the most part they are undemanding plants well-suited to the temperate or warm greenhouse.


The Sunroom


A glasshouse need not be devoted exclusively to plants. If you have a structure that is large enough, you can install a spa, hot tub, or a pond, making it a place for both plants and people. Such rooms are typically called conservatories; those with solid roofs are usually called sunrooms. Of course, it would be best if the room is attached to your house, so that you do not have to walk out in the cold before taking a dip. Erecting a sunroom or conservatory calls for more planning and will have significantly greater construction requirements that often involve permits and the help of an architect and builder.
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The sunroom is truly a place to relax, which can be filled with furniture as well as plants.





The Greenhouse Location


Unfortunately, many greenhouses get jammed into odd corners of the garden with little thought given to logistics. Before deciding where to put your greenhouse, carefully evaluate your property for a suitable site, looking for some key features.


THE IDEAL SITE


•  Is it close to the house or vegetable garden? If you are using the greenhouse for seed starting, you might want your greenhouse to be near any outdoor vegetable beds so that you can easily plant out seedlings in spring and summer without having to walk too far. If you are growing food plants year-round, you may wish to have the greenhouse closer to the kitchen so that it is easily accessible.


•  Is the ground level? It could cost significant time and money to flatten an uneven site for your greenhouse foundation. If you have a sloping lot, remember that cold air tends to flow downhill and you don’t want it to flow down against your greenhouse glazing. The ground must also be well-drained, and not subject to flooding that could swamp the greenhouse.


•  Can you orient the greenhouse to receive the correct amount of light throughout the year? For most purposes, the greenhouse should have more light in winter and less in summer; ideally, that means the longest side of the greenhouse should face south or, in the Southern Hemisphere, north. For a cool greenhouse, or one that you will not use in winter, you may be happy with a different orientation.


•  Are there obstacles, such as hedges, trees, or other buildings, that will cast shade? In summer the foliage of a deciduous tree may shade the greenhouse nicely and then drop its leaves in winter allowing light into the greenhouse. An evergreen tree, a fence, or a neighbor’s house will shade your greenhouse no matter what the season.


•  Is the area exposed to wind or snow? Putting a greenhouse near the shelter of a hedge or fence may seem like a good idea, but the wind in the lee of a hedge is highly turbulent. Putting your greenhouse within a distance ten times the hedge or fence’s height puts it in a highly turbulent zone that may result in a high drift of snow on the downwind side of the fence. Summer winds can also help to ventilate and cool the greenhouse. You can take advantage of prevailing winds by orienting the structure so you can open the doors to let the winds blow through it.


•  Is it in harm’s way? For an attached greenhouse or one that is near a structure like a house or garage, check to see whether snow and ice could slide off the roof onto the greenhouse. Your plants (and you) could get a nasty surprise if a large pile of snow and ice slid off the roof and went through the glazing.


•  Where are the utilities? If you are bringing heating and lighting to the greenhouse, you’ll need to dig a trench from the power source. A garden hose may be sufficient for watering seedlings and potted plants, but if you install faucets or an irrigation or misting system, you’ll also have to bring water to the structure and the water line will need to be below the frost line.


•  Is the location subject to building codes or easements? The size or style of your proposed greenhouse may be affected by building codes or community guidelines. Check with your municipal building department before beginning construction to see whether you need a building permit.
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Falling snow and ice can damage an attached greenhouse, especially if the house eaves are high above the greenhouse.
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An open location near the vegetable garden but far enough from the neighbor’s fence.





Choosing Greenhouse Materials


The materials that make up your greenhouse affect its appearance, cost, and efficiency. Understanding a few basics about the options for foundation, framing, sheathing, and glazing will help you make the best choice for your greenhouse, whether you are buying a kit greenhouse or building it yourself.


Foundation


Not only does the foundation keep the greenhouse level and solid, it also affects the amount of heat loss from the greenhouse. Your greenhouse foundation can be constructed in several ways. One option is to set the greenhouse on wooden decking or on 8 by 8 in. (184 by 184 mm) landscape timbers that have been set into the ground or simply laid on top of it. Unlike decking, a timber foundation will allow you to have in-ground beds inside the greenhouse, but it also lets tunneling animals burrow into the structure. Dissuade them by lining the beds with chicken wire.
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A hoop house can be set directly on the ground without a foundation, but most greenhouses benefit from some kind of support to keep the structure level and stable.





In regions where the ground freezes solid in winter, you can set the greenhouse on poured concrete pilings and construct a floor using 2 by 10 in. (38 by 235 mm) joists. This will give you room to install up to 10 in. (25 cm) of foam or fiberglass insulation underneath the floor.


A concrete foundation or poured concrete slab will keep animals out of the greenhouse and it provides a permanent and secure base for the greenhouse. If you have in-ground beds in your greenhouse, you should have some kind of thermal break between the soil inside and outside the greenhouse This can be as simple as a piece of rigid polystyrene foam buried against the outside wall of your greenhouse to below the frost line to ensure that the soil below the thermal break cannot transmit low temperatures to your plants. As an example, my lean-to greenhouse is built on a concrete foundation. Before the foundation wall was backfilled, I set a 2-in. (50-mm) sheet of polystyrene against it, then backfilled almost to the level of the top of the wall. In eighteen years of use here in Rhode Island with winter temperatures occasionally dropping to 0°F (-18°C), the soil inside the greenhouse beds has yet to freeze.


A poured concrete slab can move or crack from heavy winter frosts, so it must go below the frost line and be laid on a footing. A freezing slab will drop the temperature of the plant pots that may be sitting on it, so you should also put rigid foam insulation around the slab or install heating pipes in the slab before it is poured. Poured foundations also need a drain to remove water from the structure floor.
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Insulate a concrete foundation.





Framing


Greenhouse framing is typically either aluminum or wood, although some alternative materials are used less frequently.


The vast majority of greenhouse kits are made from simple aluminum extrusions designed to hold the glazing in place. Aluminum framing is lightweight, resists corrosion and rusting, and is easily assembled by bolting the pieces together. However, less expensive aluminum greenhouses have lighter or thinner extrusion that may flex in strong winds and cause the glazing to crack or even pop out of the frames. The size of a channel in the extrusion determines your choice of glazing; if you intend to install double- or triple-pane glazing, you need to make sure the framing has a channel large enough to accommodate it.


Aluminum is one of the best heat transfer metals, which means it will transmit heat from inside your greenhouse to the outdoors unless you install some kind of thermal break between the inside and outside of the structure.


Wood-frame greenhouses do not transfer as much heat to the outside, and you can purchase the framing as part of a kit or frame it up yourself. The best choices are woods classified as “durable” or better—teak, western red cedar, redwood, ipe, and a few of the mahoganies. Your choice will depend on what durable woods are available in your area. Wear a mask if cutting ipe.
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A poured concrete foundation in a large greenhouse requires a drain set in a slightly sloping floor.
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Many kit greenhouses come with wood framing, but it’s also a good choice if you plan to build your greenhouse yourself. Many gardeners prefer the appearance of a wooden structure.





To cut down on the expense you can frame up a greenhouse using standard lumber. Pressure-treated lumber resists rot longer than non-treated wood, but you may prefer not to use pressure-treated wood if you are growing edibles. No matter what kind of wood you choose, you will need to coat it with exterior or marine paint to protect it from moisture and rot, and you must repaint the greenhouse about every five to seven years. I have used my painted, pressure-treated greenhouse for more than twenty years, and it shows very little sign of rot so far. However, Tom Karasek, former president of the Hobby Greenhouse Association, points out that his West Coast greenhouse is framed with untreated fir and painted white—and it has survived for just as long.


Plastic extrusion framing may be used to frame small lightweight greenhouses. Plastics have a better insulation value than aluminum, but generally they do not have the structural strength to support heavy wind and snow loads. In most cases, this type of framing is covered with plastic greenhouse film, and may or may not have a door that can be sealed shut. Having seen one of these greenhouses blow across a lawn in high winds, I would only recommend them as isolation or germination chambers within a larger greenhouse.
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Aluminum framing is lightweight, durable, and easy to assemble. However, it does transmit heat from inside the greenhouse to the outdoors.





Glazing


Glazing is the film that separates the warm greenhouse interior from the cold world outside, and it is the most important factor in retaining heat in the greenhouse. It can be glass, acrylic, polycarbonate, fiberglass, or plastic film.


For best light penetration, the glazing should be set at right angles (90 degrees) to the sun’s rays. This angle changes throughout the seasons because the sun is lower in the sky during the winter months. If you are using your greenhouse in the winter, a steeper angle will maximize the amount of sunlight that penetrates when the sun is lower.


Glass allows from 90 to 95 percent of sunlight to enter. It can be purchased almost anywhere and is not too expensive. Its drawbacks are that it shatters easily and is heavy, although tempered glass is much stronger and less likely to shatter. The drawback of multiple glazing layers is the reduction in the amount of light that penetrates. A good way to balance the amount of light against heat loss is to use triple-pane glass on the north side and double-pane on the south side. At the opposite extreme, if you are growing vegetables in a cool greenhouse, you could install a single layer of glazing on the south side and double up on the north side. Low-E (low-emissivity) glass allows most of the sun’s energy through but restricts heat from escaping; glass with a low R-value has less resistance to heat flow.


Polycarbonate and acrylic glazing are much lighter than glass and can be purchased in several thicknesses, from a single layer to sandwiches of multiple layers with an air gap between them up to 1 in. (25 mm) thick. However, polycarbonate and acrylic expand and contract far more than glass, and care has to be taken to allow for this expansion when the material is installed. Over time, this type of glazing may also develop crazing.


Fiberglass glazing is reasonably inexpensive and can be purchased in very large sheets. It too needs care when installing, and it may flex and sag under snow loads. Fiberglass sheeting tends to delaminate over the years and may come apart, dropping shards of fiberglass onto your plants, or it can yellow or develop small cracks in which algae will grow and block the light.


GLAZING HEAT AND LIGHT VALUES






	Glazing


	R (insulation value)


	% Light Transmission







	Single-pane glass


	2 to 6


	90 to 95%







	Double-pane glass


	4


	80 to 90%







	Double-pane glass (low E)


	4 to 6


	70 to 75%







	Triple-pane glass


	8


	about 80%







	6 mil polycarbonate


	3 to 6


	80 to 85%







	10 mil twin wall polycarbonate


	3 to 5


	70 to 75%







	16 mil tri-wall polycarbonate


	5 to 7


	65 to 70%







	6 mil acrylic (clear)


	2 to 6


	about 90%







	fiberglass (clear)


	1 to 4


	about 90%
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A geodesic dome is one of the most difficult to glaze, as it requires multiple glass panels.
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