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INTRODUCTION


Imagine a world where a family, using a greenhouse, can produce free, organic food year-round. A citrus tree sits in one corner, a fig tree in another. Carrots and lettuce sprout in growing beds a few feet away. Assorted herbs grow in pots that are scattered here and there. The greenhouse also has space for flowers: Paperwhites, orchids, and other blossoms perfume the air. In another section, the water in a pool housing koi and carp adds gentle resonance to the warm and humid air. If you want, you can add to this picture a few butterflies or ladybugs, or perhaps a friendly gecko or anole patrols the environment, helping to eliminate unwanted insects without the use of pesticides. Now imagine turning this picture into reality by building your own greenhouse. That is what this book will help you do.




For a home gardener, having a greenhouse has a great many advantages. A greenhouse puts you in control of what you sow and what you eat. It enables you to grow vegetables and fruits out of season and allows you to keep away from your produce insects and rodents that might damage it. If you are not inclined to grow vegetables and fruits, your greenhouse might be full of orchids or geraniums or African violets. Imagine the aroma of bulbs in bloom at any time of the year. This is what owning a greenhouse can bring to your gardening lifestyle.


Greenhouses need not be expensive. I built both of my 300-square-foot greenhouses for under $500 each, using recycled materials. The amount of money you put into a greenhouse is directly related to how much you want to spend. You can go to a garden center and spend less than $1,000 for a perfectly adequate greenhouse, or you can go to an architect and spend $50,000 or more having one built to his or her design specifications. Both greenhouses could grow exactly the same plants. A greenhouse structure itself does not necessarily affect what you can grow in it, although it can affect both some of the intangible enjoyment that you get out of your home and its resale value.


A greenhouse definitely helps you get more out of your gardening without requiring a huge time commitment. After all, flowers and vegetables grow slowly, but I know from experience that with a greenhouse, you can bring fresh vegetables, fruits, or flowers to your table almost all year long in most parts of the country. A greenhouse can be attached to your home or it can be freestanding, and it can be constructed in myriad ways. The options are many. Start with a small greenhouse and expand as you gain more experience. It is the pleasure that you get out of your year-round greenhouse environment that makes it worthwhile. Given its potential benefits, why not start building one for yourself today?





Chapter 1


Questions to Ask before You Begin


IT’S WINTER and a snowstorm has deposited a foot or so of the white stuff everywhere. With the departing of the storm, the sun is shining on a beautiful cold, white landscape. As you scrape the snow off your greenhouse roof, you feel like heading south to warm weather … so you change out of your winter clothes and walk into the greenhouse abutting your home.


Inside, the temperature is almost 80°F, the humidity is high, and a waterfall is babbling into a pond. Green plants and flowers send their aromas your way. Everything is right with the world. No need to fly south. You have a choice of climates without traveling beyond your own home.


Sound too good to be true? It’s not. As I write this in the middle of December in Rhode Island, the door from my studio into the attached greenhouse is wide open. Outside, the sun is shining brightly. Warm, moist air floods my studio from the greenhouse, where the thermometer reads 78°F. Impatiens, geraniums, and fuchsias are in bloom. In a week or so, paperwhites will also be in flower, adding their powerful fragrance to the other scents in the air. Outdoors, I have to trudge through the snow, but in here it’s warm and tropical. A greenhouse exists to create a microclimate in which plants can grow, people can stay warm, fish can be raised, and the sun’s heat can be harnessed and distributed. In other words, with a greenhouse you can keep a little bit of summer within easy reach year-round.


In this chapter we’ll look at the first questions to ask and the primary considerations as you explore constructing your own greenhouse. In many cases, these go hand in hand with determining how you plan to use your greenhouse (see chapter 3).





How Much Time Does a Greenhouse Require?


You can spend as much time as you want or can afford to spend in a greenhouse, but if you are like many of us, you have many things that need doing and your time is limited. From my experience working in them, I’ve found that greenhouses do need tending fairly often. Beyond necessary time, you may be lucky enough to free up many more hours to spend among the plants in your greenhouse.


I find that my greenhouse chores require a few hours per week, depending on the season. In spring, for example, the greenhouses are packed with flower and vegetable seedlings. In the middle of January, I generally spend three or four nights setting up seedling trays and starting plants in the germination chamber (see A Germination Chamber or Seed-Starting Box for information on how to build your own). After the plants have germinated, I spend about half an hour each day watering, fertilizing, and adjusting the lights. By the end of February, I move these fast-growing seedlings into the heated greenhouse under grow lights (which provide enough light to prevent the plants from getting leggy). I check and water them there every day, which takes about an hour. In late fall or early winter (December or early January) I also spend a few hours each week in the greenhouse potting up hanging baskets and tending the plants I propagated in the early fall. During the winter, I spend 1 or 2 hours a week in the heated greenhouse.


Schedules can be individual, however. I have a friend who owns a heated greenhouse and she can spend almost an entire weekend just puttering around in it. She tells me that her husband complains that she spends too much time there. For many people, the amount of time spent in a greenhouse varies dramatically depending on the time available.


For about two months during the summer, my heated greenhouse usually stands empty, although I might keep in it any expensive plants that could be gnawed by squirrels or deer and plants that need a little more heat than that provided by normal summer weather. This is the time when I paint and do routine maintenance with the structure’s windows and vents open. During this time, I plan what will take place in the fall.


Around late August or early September, I move back into the greenhouse all plants I placed around the deck and property for the summer. This can take one or two weekends. I thoroughly check each plant and spray each one with pesticide. (I prefer to use an organic pesticide such as Safer’s insecticidal soap. I spray each plant twice about ten days apart to eliminate any newly hatched insects.) I repot some plants and lightly fertilize all of them. Once the plants are under cover, despite the spraying, insect explosions may occur (some eggs may be missed and sometimes insects can hitch a ride in the potting soil) and these will need to be treated, so I spend 30 minutes to an hour each day checking plants and treating problems.


By early November insect infestations, late growth spurts (from plants just been moved into a warm greenhouse from the cooler outdoors), and other modulations have settled down. Now shortening days, limited light, and cool temperatures slow plant growth, so fertilizing and watering slow too. By late December, I might go into the greenhouse only twice a week for an hour or two to water and check plants, looking for insect problems, removing yellowing leaves, cleaning up any leaves that have dropped, and simply making sure that everything is as it should be.


My unheated greenhouse works on a different cycle from the heated one. During January and February, our coldest months, it holds little except for Chinese greens, spinach, herbs, and other hardy plants that we use in the kitchen. I use this time to dig over the beds, adding compost and manure to them, and to repaint the inside of the greenhouse or make any needed repairs to the interior structure. Come March, the beds contain greens and peas started in the basement germination chamber. These can take the freezing nighttime temperatures. As soon as I harvest the greens, in middle to late May, I refresh the soil and transplant tomatoes, peppers, melons, and eggplant seedlings into the growing beds. By this time, I’ve moved the greens and peas outdoors and the brassicas are about to be transplanted from the cool greenhouse as well. During summer, when everything is growing, I spend a couple of hours each week in the cool greenhouse, weeding, tending plants, and watering.


The heated greenhouse, which is usually empty during summer, may need painting and maintenance work during that season. Because I work at home on the property, I can manually open and close the windows and vents as required, which takes a few minutes each day, but this is a chore that can easily be automated. Whenever possible, I perform maintenance on the exterior of the unheated greenhouse because it’s in use in all but the coldest months.


On average, I’d say that half a day each week year-round is a fair estimate of the time required to run and maintain a single greenhouse. Once you have a greenhouse, you will adopt a routine and adjust your schedule to suit its requirements. In general, assume that you will spend at least an hour a day there from spring to midsummer, although you might combine these on the weekend instead of spacing them out over each day. In winter, you probably won’t spend more than an hour a week in the greenhouse. Of course, you may enjoy the heat and humidity of a warm greenhouse on a sunny day, and on those days, who knows how much time you’ll spend in there? For more on greenhouse maintenance schedules, see chapter 12.





What Is Your Budget?


In your final greenhouse decision, budget is often the controlling factor, determining size, materials used, whether or not you can heat your structure, and, thus, how you’ll use it. If you want large, you can scale back considerably when it comes to materials and heating systems. Because I wanted large greenhouses, I made mine out of low-cost recycled materials. In my original cold frames, for instance (where heat wasn’t an issue), I used old storm windows. Later, in sizable structures, I recycled old windows by using panes of double-glazed glass with broken seals. The broken seals meant that each side of the double glazing could be used as a single pane. I became such an avid collector of old glass that one time a local store called me and, for the price of removing them, offered me double-glazed windows that were going out of stock. Using these panes, I built a 30-foot by 10-foot lean-to greenhouse. The lesson here is that the cost of a large greenhouse need not be very high if you’re willing to get creative with the materials you use — which may also mean rethinking how you want to use the structure.


In determining your budget, take into account such factors as the cost of the foundation, glazing, plumbing, wiring, and landscaping. Part of your budget equation should also include the cost of operating a greenhouse, such as lighting needs, heating it in the colder months (if you plan to use it during this time), and cooling it in hot weather. If you build a greenhouse that is bigger than you can afford, you may end up not using it because it costs too much to heat, cool, and light the structure. By planning your budget before you build and knowing what you can afford, you’ll get more enjoyment out of your greenhouse and have money left over for plants. The Checklist for a New Greenhouse will help you in the process of determining your budget. In addition, the table on page 7 rates various elements of greenhouse construction by cost.





How Large Should Your Greenhouse Be?


As explained above, one way of determining the size of your greenhouse is to base dimensions on what you can afford to build and heat. Before building, you should find out how much it will cost to heat the structure you are considering. I know of one greenhouse owner who built a large greenhouse without predetermining the heating cost and found that she spent almost $700 per month to heat it in the middle of winter!




One way of determining the size of your greenhouse is to base dimensions on what you can afford to build and heat.




This heating caveat aside, though, if you are an experienced gardener, make your greenhouse just as big as you can. You will fill it with plants. I built a 280-square-foot greenhouse, then decided that it needed to be heated. Now it is full of tropical plants and even has a fishpond. It is so full that during the winter months I find it is difficult to move around inside. I’ve since built a second 280-square-foot greenhouse for growing vegetables. It has served well, but I have a strong urge to set up a heated growing bed or two and add heat to this structure. I also use an unheated, plastic-covered hoop house to extend the growing season and to protect winter greens from deer and rodents. That’s how it is with greenhouses — once you start, who knows where you will end up?


If, however, a large greenhouse seems daunting, you might want to build or buy a hobby greenhouse that is 8 feet by 10 feet or 8 feet by 12 feet. If you don’t want to heat it, you can use it simply to extend your season in the spring and fall. Another way to begin greenhouse gardening without investing in a sizable structure is to try using cold frames and other small season extenders (see Small Season Extenders and the cold-frame project in chapter 13). These can be only about 4 feet by 4 feet — a manageable size. Through these smaller structures, you may find that you enjoy pushing the limits of your growing season and that you’d like to put some cash and effort into buying or building a larger greenhouse.




Another way to begin greenhouse gardening without investing in a sizable structure is to try using cold frames and other small season extenders.




In determining the size of a structure that’s right for you, remember that the larger the greenhouse, the easier it is to maintain a constant temperature inside it. The mass of air inside a large structure takes longer to heat and cool than that in a smaller structure, thus a large greenhouse helps moderate the swings between soaring temperatures on hot, sunny days and abruptly cooling temperatures at night. Conversely, the smaller your greenhouse or cold frame, the more quickly it will both heat up and cool down. In fact, without venting of some kind, smaller structures can overheat very quickly.


See chapter 4 for more on the factors that will help you decide on a size that’s right for you.





What about Structure and Systems?


In tandem with determining your budget, you’ll need to consider structural elements (such as building materials, glazing, and heating). See later chapters in this book for more detailed information on each of these components.




Structural Materials


Also important to consider are the structural materials used to build the frame of the greenhouse. They should be strong yet light. Aluminum framing meets both requirements, but it also transfers heat out of the greenhouse via the metal. Wood framing takes up more space than aluminum framing and cuts down on the amount of light that enters the greenhouse — but it does allow less heat loss than aluminum. You’ll need to balance these structural factors when you choose your greenhouse frame.


For more on structural building materials, see chapter 6.




Light and Glazing Options


Generally, plants in a greenhouse require plenty of light. In most cases, the easiest way to get enough light in the greenhouse is to make sure the structure is located where nothing is obstructing sunlight. In addition, the orientation of your greenhouse and the placement of its glazing can affect light exposure: If you plan on growing in midwinter, for instance, you’ll need to make sure that your structure’s glazing is at or near a right angle to the sun’s path. This allows more light to pass through the glazing and less to be reflected away from it.


The type of glazing you use also affects the amount of light that gets to your plants. Single-pane glass, if kept clean, allows the most — about 96 percent of the total light available. But single-pane glass is both heavy and expensive, and if you drop a pane, it makes a real mess. In addition, there are certain building requirements that must be met for glass in different areas of the country. Some jurisdictions require the glass to be hurricane-proof or tempered and others require all installed glass to be safety glass. You’ll have to check your local building codes before you plan your structure.


If your plants don’t require maximum light, you have other options for glazing: acrylic or polycarbonate panels, polyethylene sheeting, fiberglass sheeting, and corrugated fiberglass sheeting. They all differ in the amount of light they allow into the greenhouse and each provides certain benefits and drawbacks in cost, installation, and other areas. (See chapter 7 for more on glazing options.)









Comparative Costs for Building and Running a Greenhouse


[image: Image]

* Usually the north side of a greenhouse is a glazed wall, but to reduce heating costs, consider making it an insulated wall.







Heating Options


Freestanding greenhouses can be heated or unheated, but an unheated greenhouse glazed with single-pane glass may not be usable for the coldest part of the year north of the Mason-Dixon Line. Depending on its size, location, and time of the year, an unheated greenhouse has a nighttime temperature of about 8 to 10 degrees F above the surrounding area. This means that in your greenhouse you can grow plants that would survive in one USDA plant hardiness zone warmer than your area. In other words, if you live in Zone 6, in your greenhouse you can support plants that would survive outdoors in USDA Hardiness Zone 7; you can use the frost dates for Zone 7 to determine dates for growing plants in your greenhouse. By contrast, sunny daytime temperatures in a greenhouse can climb to 50 to 60 degrees warmer than the surrounding area. For example, on a sunny day, the temperature in my single-pane unheated freestanding greenhouse is 75°F to 85°F when the temperature hovers around freezing outside and there is snow on the ground. (Refer to the USDA Hardiness Zone map.)


Though you may have a use for your greenhouse in mind as you begin to plan, consider whether you can afford to (or want to) heat the structure. Heating costs can vary widely, depending on the size of the structure and the kind of system you use. (For more on heating a greenhouse, see chapter 5.)





What Are the Pros and Cons of Kit Greenhouses?


A major consideration at the start of your planning is whether to buy a kit greenhouse or build your own structure from scratch. With the introduction of aluminum framing, polyethylene film, and galvanized steel, kit greenhouses have become affordable for everyone. Hobby or kit greenhouses can be made of wood, steel, extruded aluminum, or PVC, with glass, acrylic, polycarbonate, or even polyethylene sheeting as glazing.





[image: Image]

Common kit greenhouses can fill the bill for many hobby growers.







A hobby greenhouse is the most basic kind available and can be purchased from a home or garden center or through any of the company Websites listed in Resources. If you order a simple, smaller model (which may require a foundation), you can assemble a kit greenhouse yourself, while larger models (which will require a foundation) are usually assembled by a contractor. There are hundreds of retailers of kit and hobby greenhouses, which range from the simplest PVC pipe–frame greenhouses to elaborate wood- or metal-frame buildings. In general, less expensive styles are usually freestanding and single-glazed with a door at one end and one roof vent. As the price goes up, so do the options and the construction quality.


In general, kit greenhouses are small (often as small as 4 feet by 6 feet or 8 feet by 12 feet) and unheated and raise the nighttime temperature by only 3 to 5 degrees F. Consequently, they should add half a hardiness zone to the zone of your area as determined by the USDA Hardiness Zone map. Of course, this can be altered with additional insulation (often in the form of bubble wrap or polyethylene sheeting), space heaters, or fans. Be aware, however, that adding space heaters may make your greenhouse very expensive to heat if your daytime temperatures hover at 0°F or plunge lower.


When trying to determine which kit greenhouse to purchase, look at the quality of each kit. You can begin by exploring greenhouses on the Internet using the addresses found in Resources. When comparing features, consider price, construction, glazing, accessories available and their additional cost, delivery charges, and the cost of adding a foundation, heat, electricity, and plumbing if these are required. Look, too, at frame color options. I prefer either natural wood or, if the frame is metal, a green painted or anodized frame to blend in with the surroundings, but you can often order a white frame (to maximize interior light) or a bronze-finished frame. After comparing features and analyzing costs in the comfort of your home, you can look at greenhouses offered by local suppliers. Of course, buying locally and picking up the greenhouse yourself may eliminate delivery charges, but you should compare any delivery charges from Internet companies with the cost of local taxes on your purchase.


When looking at greenhouses at local suppliers, inspect the thickness of the supporting frame and each greenhouse’s potential structural resistance to twisting or warping in high winds. Greenhouses do move in the wind, but if a structure moves too much, the glazing could break or detach.


If you have the opportunity to look at a model greenhouse, try to determine how easy it will be to clean the glazing inside and out. Check to see if the greenhouse can be expanded; how difficult it will be to install benches, lighting, and heating; and whether you can fit a wheelbarrow through the door and inside the structure. Also look at how the greenhouse is ventilated and how air will flow through it and around your plants. Many kit greenhouses do not have adequate ventilation (see chapter 5 for more on greenhouse ventilation). Most have a single large vent at the top and rely on opening the door to allow air to pass through the structure. Open doors are often an invitation for rodents and pets to enter a greenhouse. If you must leave the door open, use a screen door.


Kit greenhouses range in price from around $ 1,000 to $20,000. In general, you get what you pay for. More expensive greenhouses usually are sturdier and have better glazing — in most cases double- or even triple-pane glass or double- or triple-wall polycarbonate. Some come with decorative ridgeline cresting and finials. Although these Victorian-style details may not complement the style of your house, they keep birds from perching on top of the greenhouse and leaving droppings on the glass in hard-to-clean areas. Be aware that shipping, building a foundation, and assembly (if you hire a contractor to do this) can add $15,000 to $20,000 to the cost of a top-quality kit greenhouse.


You can also hire a company to design a “custom” factory-built structure and install it on your property. All you need to do is write the checks. You’ll find many such companies on the Internet and some are listed in Resources. Many are located overseas and export their products worldwide, though importing a greenhouse from another country can be very expensive.





Build It Yourself or Hire a Contractor?


In 1986, when I looked into having an attached greenhouse built, I received a quote of $ 18,600 from a professional greenhouse contractor for a 28-foot-long, 10-foot-wide, 12-foot-high greenhouse. This price did not include the foundation, wiring, or plumbing. My wife commented: “You can buy an awful lot of vegetables for that amount of money.” The contractor insisted that we needed the structure he could provide because “almost any kind of home-built greenhouse will leak.” I planned to use the structure to grow vegetables and flowers and felt that I could put up with a leak or two if I saved most of the money the installer wanted.


I built both of my greenhouses on the same foundation that the contractor was going to use and spent less than $500 on each, using lumber recycled from other jobs and glass recycled from patio doors. Yes, I do have a leak or two, but the leaks are over plant beds, so I’m not too concerned.


Certainly, if you don’t have the skills or inclination required to build a greenhouse, you can hire a contractor to build it for you. Contractors calculate the cost of building in terms of hours and materials and then add in their profit. For some, the profit margin may be as high as 50 percent of the total cost to allow for cost overruns and a longer construction time than they might have estimated.




If you don’t have the skills or inclination to build a greenhouse, you can hire a contractor to build it for you.




In most states, contractors must be licensed and insured, and in some states they must be bonded to ensure that their work is of a high standard. Many large contracting companies may consider a greenhouse job too small to take on, so you may have to find a one- or two-person company. To find a competent contractor, ask friends and neighbors for a recommendation. If you can’t find a good contractor through word of mouth, you can try the Yellow Pages. The Better Business Bureau, your local chamber of commerce, or your state’s building regulatory agency may also have a list of licensed contractors.
 

Your contractor should specify who will get the permits; the grade of the materials used; who will build the foundation; who will provide the plumbing and electricity lines; whether the contractor will provide and install the heating, sprinkler, and ventilation or cooling system; and whether the contractor will remove the waste and landscape the area after the project is finished. If you are installing a premade or kit greenhouse, your agreement with the contractor should list the manufacturer’s name and model name or type of greenhouse, any additional materials required, and, if landscaping is included, the number and type of landscaping materials and shrubs that are to be planted on the site when the building is finished. The agreement should also spell out how the contractor will be paid and whether a warranty on the work is provided and for how long.


Generally, the last payment of 10 to 15 percent of the total cost is made when all the work is finished and the area has been blessed by the local building inspector (if the job requires a certificate of occupancy). If payment is made before the project is finished, some less reputable contractors have no incentive to finish the job and, as has happened to me, a few may simply walk away with the final payment before the job is complete.




Communicate your expectations and ideas to the contractor at the start and remain involved in the building process.




Once you find a reputable contractor and all these details are ironed out, however, don’t just tell him where you want the greenhouse and then walk away. That’s a sure way to get the job the contractor thinks you want rather than the one you actually have in mind. Communicate your expectations and ideas at the start and remain involved in and aware of the building process.


Rather than hiring a soup-to-nuts contractor, you may decide that you have the skills and tools required to do part of the work — perhaps you can handle the carpentry but not the foundation work, for instance. If you don’t know how to do part of the job, don’t be afraid to ask a local contractor if you can hire him or her to guide you or to take on a portion. For an hourly rate, you often can get expert help. You can also check with a local college or technical school for students who might want to take on a spare-time project. A greenhouse is an ideal short-term project for many tech-school students and, possibly, their instructor. Another source for information is the local garden club. Many clubs have greenhouse growers who can give you practical guidance on building and using your greenhouse. See Resources for organizations that can provide information on building a greenhouse.





What Aesthetics Are Important to You?


Because it is a structure that you’ll be living with for a long time, a greenhouse’s aesthetics are an important consideration before you build. A greenhouse can be an eyesore — especially if it is a do-it-yourself project — or it can add value to your home. According to real estate agents, beyond providing a wonderful winter environment for plants, fish, and people, a well-designed conservatory adds several percentage points to a home’s value. A greenhouse adds less, but still increases home value. Of course, if you are selling your home to a nongardener who isn’t interested in owning a greenhouse, you can always take apart a freestanding greenhouse and move it to your new home.


Obviously, you want a greenhouse to add value to your property, and this requires both some thought about design and some basic building skills if you plan to complete the project yourself. Regarding design, the architectural style of the greenhouse should complement that of your home. If you have a cedar-shingled home with green trim, a greenhouse will look more integrated if it too has cedar shingles and green trim.


A complementary style is especially important if you are constructing a lean-to greenhouse or other type of attached structure. If you are building a new home, perhaps you’d like to have a greenhouse designed into the plans. If you are adding a greenhouse to an existing home, you might want to use the design services of a professional architect or greenhouse manufacturer to ensure that it matches the style of your home. If you plan to build the greenhouse yourself, adequately research house styles and architecture ahead of time to make a successful job of it.


It’s also important to consider landscaping around your greenhouse. Try not to plant trees or shrubs that will eventually grow tall enough to shade the greenhouse, unless you intend to take advantage of their shade benefits. To avoid finding a tree root growing through the greenhouse floor, don’t plant landscaping shrubs too close to the greenhouse. If you can, repeat plant species already growing in your yard; this helps to integrate the greenhouse structure into your property.


A greenhouse can help increase the long-term value of your property by allowing you to contribute to all the landscaping on your lot through the propagation of trees, shrubs, and less common plants grown from seed. Good landscaping can add 10 to 15 percent to the value of your home, and it has been estimated that a single mature tree can have an appraised value of $10,000 or more. Propagating your own plantings for landscaping — even starting and growing plants for hanging baskets for your porch — will save money too. Purchasing young trees, shrubs, and plants at a nursery or garden center can get very expensive.
 




Chapter 2


The First Glasshouses




BEFORE YOU GET TOO DEEPLY INVOLVED in building your own greenhouse, let’s take a brief historical tour of those “glasshouses” that we’ve turned to again and again for both pleasure and purpose.





The Start of Growing under Glass


Of course, greenhouse development could not begin until glass had been discovered. Most experts say that glass was first made about 4000 years ago in or near ancient Persia or Mesopotamia in the Middle East, when people used cooking fires to heat the local sand, melting the silica in it to form glass globules. These globules were then melted into molds and used for arrowheads and knives. Eventually, methods for producing glass improved and it was used to create objects for both practical and decorative purposes.


By 600 b.c.e., glass “recipes” were being recorded, but another 2,000 years passed before glass could be made cheaply enough for use in greenhouses and windows. This, however, did not stop the Roman emperor Tiberius from trying to grow out-of-season cucumbers under cover. Tiberius craved cucumbers all year long and demanded that his gardeners find a way to produce them. The workmen reputedly split off pieces of semitransparent mica and used them against a south-facing wall or in a small bed to cover tender crops in heated cold frames called speculariums. We don’t know for sure whether this method worked, but the concept of growing plants under cover had been born.


It did not catch on quickly, however. The art of gardening under cover was lost for many years until the sixteenth century, when people attempted growing plants under semiopaque oiled paper and canvas and when, in the middle of the century, glass was “reinvented” in Europe. Yet it wasn’t until glass became easier to make and less expensive that it was used for glasshouses, as greenhouses were first called.


Most sources give credit to Jules Charles, a French botanist, for designing the first glasshouse in 1600 or earlier. It was built in Leiden, Holland (perhaps giving an early start to the Dutch greenhouse industry). From that time onward, until the 1690s, affluent people experimented with glasshouses, and many large and very expensive structures were built throughout Britain, France, and Holland.





The First Conservatories


One of the first recorded conservatories, another name for greenhouses, was the one owned and written of by the Englishman John Evelyn, F.R.S. (Fellow of the Royal Society). Evelyn lived around the same time as the famous diarist Samuel Pepys, and like Pepys and other rich landowners of the day, he kept a diary. While Pepys’s diary dealt with more topical events, Evelyn wrote about the gardens and plants of his time. He also wrote several books, the best known of which is Elysium Britannicum, a huge work that was not finished or published until after he died. He also published a gardener’s almanac and Acetaria: A Discourse of Sallets. Evelyn’s conservatory, heated by an enormous woodstove, was used for preserving delicate plants, many of which he had collected on his travels around the European continent during the English Civil War, which started in 1648.


During Evelyn’s time, the use of glass in general slowly became more popular, but most glass could be made only in small panes of varying thicknesses and densities. To make these small panes into something large and more useful, a technique was employed that had been used for the stained-glass windows in many churches constructed in the medieval era: They were held together with lead casing.





Orangeries and Pineries


Around 1700, a few very rich merchants tried growing warm-weather plants under glass in England’s moderate winter climate. The most successful of these designs was the orangery. In most cases, an orangery was built against a brick wall, with a sloping roof and the other three sides constructed of glass. As you might guess, its intended use was to grow citrus fruits. To keep the ground warm in the orangery, the gardeners of the time either built deep garden beds that were partly filled with horse manure and straw and covered with a foot or two of loam in which the trees were grown or placed pots containing the orange trees directly into beds of manure and compost. The decomposition of the manure kept the bed temperature at around 110°F to 140°F, which allowed citrus trees to grow. Moving large orange trees and spreading new compost around the tree roots or pots each fall must have been quite a laborious chore.


The term greenhouse came into use late in the eighteenth century, when growers noted the green appearance of the fruits and vegetables growing in these orangeries in the middle of an English winter.


In the United States, one of the first greenhouses on record was built in 1737 in Boston for Andrew Faneuil. Like his English counterparts, Faneuil wanted to grow fresh fruit in winter — and he was not alone. George Washington is reputed to have grown pineapples at Mt. Vernon so that he could serve them to his dinner guests. His glasshouse used the same manure-heating techniques used in the English orangery, but he called his structure a pinery.


Orangeries and pineries became much more popular after 1850 or so, when glass was first produced in large sheets and became a relatively inexpensive product. At that time, wrought iron, instead of wood, which tended to rot fairly quickly, became the glass (or glazing) support of choice. Eventually, these developments led to the construction of larger and larger greenhouses, which were used mostly to grow fruit out of season. Many of these huge structures were still the province of the very wealthy. By the mid- to late-1800s, however, large display greenhouses became an important trend in botanical science, with greenhouses being erected at many major botanic gardens in both Britain and America.





Nineteenth-Century Colossal Greenhouses


One of the best known of these large greenhouses was the Crystal Palace, a huge structure built in Hyde Park in London for the 1851 World’s Fair. This building was close to 410 feet wide and 1,850 feet long, covered more than 19 acres, and contained almost a million square feet of glass in its walls and roof. It also had fountains that shot jets of water 250 feet into the air. After the fair, the Crystal Palace was moved to Sydenham Hill in North London. It was finally destroyed by fire in 1936.


The Palm House at the Royal Botanic Gardens, Kew, is another glasshouse built to similar mammoth proportions. The building was originally erected in 1848 and was recently restored. The Palm House is 363 feet long, 100 feet wide, and 66 feet high. Currently, its glass is supported by about ten miles of stainless-steel glazing bars, which have replaced the original bars.




England’s early-Victorian-era conservatory craze largely passed by the United States. Shipping embargoes during the Civil War prevented importing these structures, and Americans at this time had more pressing concerns than investing in such an expensive hobby. It wasn’t until the Gilded Age, which began in the late 1860s, that large American greenhouses began to come into their own.


One of the first examples was built by an Englishman named Henry Shaw in what is now the Missouri Botanical Garden. The building, known as the main conservatory or the 1868 House, enclosed exotic plants of many kinds. A few years later, in 1880, Shaw added another greenhouse near the main conservatory. This building became known as the Linnaean House and is still home to palms, citruses, and other tropical and semitropical plants.


Another beautiful old glasshouse is the 12,000-square-foot Conservatory of Flowers in San Francisco’s Golden Gate Park. It was erected there in 1879, although most of it was reputed to have been made in Europe and shipped to San Francisco. This conservatory is listed as the oldest wood and glass greenhouse in the United States, with a significant portion of the structure being made of California redwood. It is now on the National Register of Historic Places and has recently been completely restored after high winds, structural damage, and the use of lead-based paints and other unsuitable materials threatened to close it permanently in 1995. Since these earliest American conservatories were built, many others have been constructed, including the Haupt Conservatory in the New York Botanical Garden, built in 1902.







Noteworthy Glasshouses
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The Crystal Palace in London, built for the 1851 World’s Fair
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The main conservatory or 1868 House at the Missouri Botanical Garden
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The Palm House at the Royal Botanic Gardens, Kew, was built in 1848.









[image: image]

The Conservatory of Flowers in San Francisco’s Golden Gate Park





 


The Hobby Greenhouse


These botanical garden greenhouses were heated by a combination of methods. One involved using hot beds made from manure and straw piled so that the compost heated up as it rotted. Once these beds were covered with loam, it became possible to grow plants on top of the heated compost. The number of horses in those days made it easy to get manure. Another method involved keeping the air warm with furnace-heated water that circulated through pipes around a greenhouse’s perimeter. (The furnace was invented in England to heat greenhouses long before it was used to heat people’s homes.) In addition, on clear days sunlight contributed to the level of heat in a greenhouse, often necessitating that windows be opened to vent the structure. The combination of these three heating methods allowed the season for citrus fruits and other warm-weather crops to be extended long enough for the fruits to be harvested even in cold climates.


The fresh fruit and flower market that such structures supported rapidly led to the building of commercial greenhouses all over Europe, especially in Britain, Holland, France, and Belgium. These were the days before trucks and planes carried fresh produce to market from far-off regions. Because everything had to be grown in local areas, greenhouses were a boon to growers. By around 1880, tomatoes were being produced in European greenhouses, mostly in France and Holland. The greenhouse industry looked set to thrive and expand.


But in World War I, millions of working men were killed on the western front. Many of these young men came from estates that had invested in the labor-intensive greenhouse market. Without these workers, the industry simply could not maintain its output, and it declined significantly as a result. The business of greenhouse growing did not recover fully until after World War II. In the United States, the Great Depression coupled with the high cost of capital investment required to construct greenhouses kept the greenhouse market from expanding much between the wars.


After World War II, aluminum and galvanized steel came into consistent use for greenhouse framing, eliminating altogether the need for wood, which nowadays is used only in smaller kit or hobby greenhouses. In addition, the use of lighter-weight polycarbonate, acrylic, or polyethylene glazing instead of glass made it relatively inexpensive to erect a greenhouse and easier to control the growing environment. Because of their higher insulation value, these lighter plastic materials also tended to make greenhouses less expensive to heat. As a result of these developments, the commercial greenhouse industry expanded worldwide, especially in Holland, which, with its rich soil and temperate climate, has the largest greenhouse area of any country in the world.


The growth of commercial greenhouses set the stage for a rapid expansion of the use of hobby greenhouses. Plastic and aluminum greenhouses became available to the home gardener for only a few hundred dollars. In addition, many new greenhouse add-ons such as hot tubs, spas, and fishponds, as well as new varieties of plants, also encouraged the growth of home gardening under cover. The result is that today, more and more keen gardeners are buying into the greenhouse lifestyle.


The hobby greenhouse market has been particularly explosive in many European countries. In Britain, for example, it seems that every garden plot has a greenhouse. In the United States the market is gaining momentum, with many people supplementing their gardening pleasure with a small greenhouse. Gardening is currently a very popular hobby in the United States: According to the National Gardening Association, one in four American families claims to have a garden. This can only strengthen the home greenhouse market in the future and help it to grow even more.
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A commercial greenhouse










Chapter 3


An Overview of Greenhouse Options




BEFORE YOU DECIDE TO purchase or build a greenhouse, you should understand that there are different types based on use and structural or building styles. What you want to do with your greenhouse can be wildly different from what your next-door neighbor wants to do with his or hers. Only by considering every aspect of owning a greenhouse — including what you’ll be growing and how the structure will be used — can you determine what type and structural style it should be, as well as what glazing material to use and whether the greenhouse should have heating, plumbing, supplemental lighting, and misting or automatic venting systems.


Suppose, for example, that you want to grow orchids (one reason for building a greenhouse; many varieties require a great deal of warmth and humidity). Orchids like conditions that are similar to those enjoyed by many humans. Therefore, for an orchid house, you might consider a lean-to-style greenhouse that’s an extension of your home but that incorporates supplemental humidity in winter. Unless such a structure is partially shaded by trees, however, it should not have clear glass glazing. Most orchids are understory plants and cannot tolerate high light levels.


If you want to grow vegetables for the dinner table, you can probably grow them in an orchid house, but most vegetables prefer slightly cooler temperatures, even as low as just above freezing, and they don’t like the high humidity that orchids enjoy. In fact, high humidity and lack of air circulation for plants such as lettuce and tomatoes can increase the possibility of growth of fungal Botrytis (gray mold).


Of course, a particular structural style of greenhouse can have multiple functions. For example, here in Rhode Island my heated, attached lean-to greenhouse (see the illustration on below) contains citrus and banana trees, but I also grow vegetables and flowers there when I can squeeze them into the space. Likewise, my unheated freestanding greenhouse often contains a lemon or lime tree, as these plants transition to their summer home on the decks surrounding the house. In fact, for two months during the worst part of winter, the freestanding greenhouse may also become a repository for tools, wheelbarrows, and a few of the chairs that normally occupy the deck space. What greenhouses are used for often bears no relation to the specific style of the structure.


As another example, I built a polyethylene-walled greenhouse simply to keep away deer and rodents from my plants and to provide a controlled environment for my vegetables. Controlling the environment makes it easier for me to keep insects off plants, to precisely direct fertilizers, and to keep plants sheltered from the cool ocean air carried over the garden by southerly winds in spring. All these benefits add up to an improvement in growing conditions, healthier plants, and higher vegetable yields. For me, this is important. For other gardeners, it might be less so.


This overview chapter focuses on types of greenhouses based on use and particular structural or building styles that are available. When considering incorporating a greenhouse into your life, use the information in chapter 1 with that provided here and on the Checklist for a New Greenhouse to help in your decision.
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This attached, heated lean-to greenhouse faces southeast and is located within a few feet of the fenced vegetable garden.










What Type and Structural Style Do You Want?


Greenhouses come in many shapes and sizes, and are made of many kinds of materials. My first greenhouse was made of old windows still in their jambs. To open the greenhouse, I simply opened a window. This greenhouse wasn’t very large — in fact, I couldn’t stand up in it — but it satisfied my desire to grow plants out of season.


That early attempt was rather like the Romans trying to grow cucumbers out of season: It wasn’t very successful, but it was a chance for me to push the envelope and try something new. Since that time, I’ve built a number of greenhouses. With each one, I’ve improved my knowledge of growing “under glass” and extending the growing season at both ends. Now I start a new growing season with seed germination in January in my basement germination chamber. In my heated greenhouse, growing season never ends; it merely slows during winter. Growing under glass has become a hobby that provides exotic fruits and vegetables for my family’s table, interesting flowers to perfume our house, and a place to relax when work gets too stressful.


The first step in the process of building your own greenhouse is determining how you might use the structure. You can use it only to grow orchids or specialty plants, vegetables, and fruits, or you can build a conservatory and eat meals there. If you like, you can put a pool or a spa in a greenhouse for year-round enjoyment. Some greenhouses are used for hydroponic growing — that is, for raising plants in a special soilless medium, a solution of water with various nutrients, to obtain optimum growth. Other greenhouses can provide added protection and heat to plants grown directly in the ground. Deciding on your goals for your greenhouse is the first step in designing or selecting it.





Five Basic Types


Following are some types of greenhouses conceived with specific uses in mind. Each is accompanied by a list of items required for optimal use of such a structure. The information in this section, while not comprehensive, is intended to help you consider the intended use of your greenhouse along with the possible equipment and materials (and their costs) that such a use necessitates before you commit to building it.




The Tropical Greenhouse


A tropical greenhouse is likely the most expensive type to heat during a cold northern winter. If you are going to heat your greenhouse to the levels required by tropical plants, you can install double- or even triple-pane glass or polycarbonate and accept the slight loss of light caused by the additional glazing. You’ll need to be careful, however, when moving plants from a greenhouse with triple glazing to the outdoors; light levels in such a greenhouse are typically about 70 to 90 percent of those outdoors. Plant leaves tend to burn if they are placed in direct sunlight after being in such an environment for months. There are structural considerations as well: Tropical greenhouses can be quite humid, which can cause wood used in building to rot very quickly. Take care to construct the greenhouse of top-quality, rot-resistant materials.


Two other considerations of tropical greenhouses involve heat: They must be heated to high levels in winter (a minimum of 50°F to 65°F at night and 75°F to 80°F during the day) and they tend to overheat in summer, even when shaded with a cloth or by trees. I find that my greenhouse can easily reach 120°F on a day with little wind and bright sunshine, even though part of it is located under a large shady plum tree. A greenhouse that overheats must be equipped with sizeable vents or blower fans to move out the moist, hot air quickly or must combine an efficient method of shading with possibly an evaporative cooler. (Note that growth stops for most plants when the temperature rises to between 80°F and 85°F; anything above this can be defined as overheating.)




The Warm Greenhouse


You can grow some tropical plants in a warm greenhouse: I let my greenhouse cool to about 50°F at night, and the tropical plants seem to thrive. Their growth does slow in winter, however, and instead of growing bananas in a single season or two, in my greenhouse a single bunch might take from three to five seasons to grow.


Warm greenhouses must be heated at night during northern winters. Heaters can be fueled by propane, natural gas, electricity, or even wood. A wood-burning stove, however, emits dry heat that is not beneficial to plants.


You can supplement daylight in a warm greenhouse by adding lighting, thereby making the environment both warm and light for growing plants. This subject is covered in more detail in chapters 5 and 7. Your warm greenhouse’s lighting, water, and heating can all be fully automated.




The Orchid Greenhouse


Because various orchid species require specific growing conditions, including unique light and temperature needs, before you specialize in growing orchids in a greenhouse you should know a fair amount about orchid growing so that your greenhouse structure and systems can match these special requirements.




The first step in the process of building your own greenhouse is determining how you might use the structure.




While this book is not the place to learn about growing orchids, there are basic considerations involved in the process that certainly play into greenhouse choices. For instance, some orchids will not flower in insufficient light, while others will not flower if the area is too wet or too cold. Some will not flower if the environment is too dry, preferring higher humidity, while other types thrive in dry conditions. Most orchids do not grow well in air laden with chemicals such as heater exhaust fumes and pesticides. Some require specific night and daytime temperatures at certain times of the year to set flowers.


Most orchid growers invest in a greenhouse after they have grown the plants for several years and have a pretty good idea what they require for optimum growth. With the easy-to-grow orchids available in many chain stores today, you can grow a variety and learn about them as you go. For example, Phalaenopsis orchids come from understory tropical forests in India, the Philippines, Indonesia, and northern Australia, which gives you a clue about the conditions they like. In your greenhouse they will require moderately bright light, typically on the order of 1,000 foot-candles (for more on lighting, see chapters 5 and 10). These lighting requirements will dictate the location and glazing of your greenhouse or necessary modifications to meet the plants’ needs. If you’ve chosen to place your greenhouse in a location that gets full sun, for instance, you’ll have to use some form of shading such as a roller shade or shade cloth, which you’ll need to install or remove according to season.


For Phalaenopsis orchids, temperatures should not exceed 85°F during the daytime or drop below 55°F at night. These temperatures are typical of those in your home in front of a brightly lit window during the winter, as long as the window is insulated at night. Phalaenopsis orchids will also require some form of humidification system to maintain the conditions they favor. Other orchids such as Dendrobium and Cymbidium, can stand cooler temperatures, although some Dendrobium thrive best with warmer temperatures and require them at times. Dendrobium also require more light than Phalaenopsis, and Cymbidium need more light than both. In fact, Cymbidium should be given as much light as possible without burning them. Some orchid growers have a mini-greenhouse inside a larger greenhouse or a section of a larger greenhouse devoted to growing orchids that require either warmer or cooler temperatures or that have other special requirements.


To cut down on heating costs for orchids requiring warmer temperatures, you can build onto your home a wooden lean-to greenhouse with double- or triple-wall polycarbonate glazing. In this way, you can keep the greenhouse warm from the heat of your home.


Some special orchid requirements may be met by the addition of a bigger water tank or pond to your greenhouse configuration. A larger tank can also act as a solar heat sink and can keep the greenhouse humidified during cold winters. Of course, you can also raise koi, goldfish, or tilapia in the tank or pond. In cold-winter climates, count on installing a heater with a thermostat. Most orchids like some variation in temperature, but no more than 20 to 30 degress from day to night.






What You Need for Tropical, Warm, and Orchid Greenhouses




GENERAL NEEDS FOR ALL THREE






	A good-quality heater with a thermostat. (For growing orchids, consider an electric heater to avoid problems with gas heater fumes.)


	Efficient waterproof lights to extend day length for plants and to allow you to work in the greenhouse in the evening. (Consider putting these lights on timers.)


	A power supply


	A fan to exhaust excess heat in summer and keep air circulating. (This helps prevent fungal diseases.)


	An automatic vent-opening system (optional)


	A misting system (optional)


	A water supply that will not freeze


	Low-temperature alarms


	Tool storage


	Fertilizer, potting soil, and orchid bark storage (in a separate shed, if greenhouse space is limited, or to ensure that the structure retains maximum heat; placing quantities of these in the greenhouse will lower the temperature of the environment)







ADDITIONAL NEEDS FOR A WARM GREENHOUSE






	A backup kerosene heater. (You can also use a small, canister gas heater, but in an enclosed greenhouse space you must be very careful when using any kind of heater with an open flame.)







ADDITIONAL NEEDS FOR AN ORCHID GREENHOUSE






	A misting or humidifying system for certain types of orchids (essential in winter, when the air is very dry, or in dry climates)


	Thermometer(s) and humidity gauges











The Cool (Unheated) Greenhouse


Most leafy green vegetables can stand much lower temperatures than orchids and grow best between 50°F and 70°F, and many vegetables will survive almost to freezing. A freestanding greenhouse without a heating system will allow you to grow vegetables for most of the year and will enable them to survive for most of the winter in areas up to Zone 5 or 6. If greenhouse beds are heated, either mechanically or by the creation of hot beds, vegetables may grow year-round in areas that reach temperatures as low as 25°F. (See chapter 10) If your only option is to add an attached greenhouse to your home, you may or may not decide to heat the structure separately.


An unheated vegetable greenhouse need not be full walk-in height. In fact, it will probably stay warmer nearer the plants if the greenhouse is only a little taller than the height of the plants. In addition, the glazing need not be fancy: An unheated vegetable greenhouse requires less winter light to come through the glazing than does a greenhouse for flowers, and because the greenhouse is not heated, there is no need for double-thickness glazing. In fact, some growers rely on hoop houses or high tunnels with a polyethylene covering to enable them to grow for most of the winter.


A cool greenhouse will be warm enough to allow even artichoke plants to survive the winter — and last winter I left an olive tree in the cool greenhouse to see if it would survive. It lost its leaves, but it made it and is now growing happily.






What You Need for Unheated Greenhouses




FOR A COOL GREENHOUSE






	An automatic vent-opening system (optional)


	A water supply that can be turned off and drained for the winter


	Storage for your seeds, fertilizers, tools, and other gardening gear (in the greenhouse, in the greenhouse’s air lock, or in a separate garden shed)







FOR AN ALPINE GREENHOUSE






	Screens around sides


	Windows that open and that may stay open all winter


	A fan to keep moisture off plant crowns


	Raised benches to allow air to circulate around plants










The Alpine Greenhouse


Like many plants associated with specific climates or locations, alpine plants require unique conditions to survive: those that re-create the conditions found at high altitudes, where the plants are covered with frozen snow or ice for much of the year and bloom in the short, high-altitude summer.


In general, the growing season for alpine plants is extremely short. A greenhouse geared to their needs is designed to allow the plants to get very cold but to protect them from water or snow gathering on their crowns. Such a house might have a glass roof and open windows protected with screens to keep away insects and inquisitive animals. Often an alpine house has louvered windows that allow air to circulate but keep rain and snow outside of the structure. Inside it might have raised planting benches with mesh tops to allow air to circulate around the pots.





Basic Structural or Building Styles


Once you’ve determined how you will use your greenhouse and what special items this use may call for, you should choose the structural style that will best meet your needs.


Greenhouse styles generally fall into one of two categories: freestanding or detached (which can be sited in a number of places) or attached to an existing structure (usually the south side of a home). While your intended use may determine which one of these two categories you choose, in cases where you may select either, each comes with its own set of pros and cons. Of course, it may be that your growing needs do not require a formal greenhouse. If your intended use is to extend the gardening season, there are a number of options that require significantly less financial investment and building commitment. The following information outlines the pluses and minuses of freestanding greenhouses, attached greenhouses, and small season extenders and presents the specific advantages, and disadvantages associated with the building styles in each category.




Freestanding or Detached


A freestanding greenhouse is one that requires you to walk across the lawn or around the garden to get to it; it is not connected to your house or to any part of another building. It can be a preassembled, commercially manufactured model, a home-built greenhouse, or one that comes as a kit and is assembled by a contractor or by you.


Freestanding greenhouses come in a large variety of shapes and sizes, and are made of many different materials. Probably the most common type, sold in many seed catalogs and at many retail stores, is the rectangular hobby greenhouse with polycarbonate glazing and a lightweight aluminum frame. Home-built, freestanding structures are nearly as common. They vary in size, styles, and materials.




A-Frame


Most often, A-frame greenhouses are freestanding, although I have seen an A-frame greenhouse attached to an A-frame house. The biggest drawback to an A-frame greenhouse is that the floor space is small relative to the height. This is most disadvantageous in winter because heat rises, and in an A-frame it can rise well away from the plants. You can compensate for this by hanging a fan from the ceiling and aiming it toward the floor. (You can buy a plastic desk fan for $5 to $10, unscrew and remove the base, and hang the fan and motor from chains or screw them to the overhead framing.) It’s important to use a fan when a greenhouse is closed to prevent sooty fungus and other fungal problems that develop on plants in stagnant-air conditions. In addition, a fan moves air around plants, helping them to “exhale” and get rid of toxic gases that hover over leaves in stagnant conditions.


On the plus side, an A-frame greenhouse is so simple to build that I’m surprised that this style is not much more common. Basically, it’s constructed of two flat sides leaning against each other with end walls between them. An ideal glazing material for an A-frame is corrugated polycarbonate or acrylic, which can be screwed to structural beams. Simply cap the ridge and ends and voilà! You have a greenhouse!


With the tall structure of an A-frame, it’s relatively easy to add a door at one end and shelves at the other, but the fact remains that the growing area is limited in this type of structure because of the lack of headroom over the sloping sides. This restriction in growing area is partly compensated for by an increase in height at the center of the greenhouse. For example, a 10-foot-wide A-frame greenhouse would be about 9 feet tall in the middle if the frames are sloped at a typical angle of 60 degrees. In contrast, a conventional 10-foot-wide greenhouse is 6 to 7 feet tall. The benefit to the extra height in an A-frame is that hanging baskets can be positioned well above a person’s head to keep him or her from bumping into them (which is easy to do in a 6- or 7-foot-tall greenhouse). There is also room in an A-frame to grow taller trees or shrubs. An A-frame structure, however, does contain wasted space under the benches or at the foundation, where there is very little height. It thus does not allow for maximizing the planting of low-growing crops (which, space issues aside, would also be in the cool air left at ground level when warm air rises to the highest part of the greenhouse).
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An A-frame greenhouse









Conventional (Vertical-Sided)


This is the most common style of greenhouse and can be found in most gardening catalogs. Because its sides are vertical, it’s easy to set up shelves and benches inside. The roof is sloped toward a central ridge and the door is usually in one of the two peaked (gable) ends. Most conventional greenhouses have sidewalls about 5 feet high with a central ridge that stands 6 to 8 feet above the floor. The greenhouse has plenty of headroom in the central aisle. One of the easiest to make and operate, this greenhouse does suffer from one drawback: Because it has glazing on all four sides, the glazing on the north side allows heat to escape and may not get any sunlight to compensate for this. If you live in a northern climate in the northern hemisphere, you might want to fashion insulated panels to install on the north side of the greenhouse for the winter months to help restrict heat loss.
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A conventional vertical-sided greenhouse. Many kit greenhouses are constructed in this style.







Gothic Arch


A Gothic arch greenhouse solves many of the problems of an A-frame greenhouse in that the arches are slightly curved, allowing for a larger base area than the A-frame, although not as much height. Commercial versions of this style of structure can be obtained from a company called Gothic Arch Greenhouses (see Resources). For people building their own greenhouses, however, it can be difficult to make the arches that are incorporated into the design. For methods of constructing them, see the Gothic arch greenhouse project in chapter 13. Another building difficulty is that glazing must be curved to match the arch. This eliminates glass as a glazing material, but any of the plastics (acrylics, polycarbonates) in bendable thicknesses are glazing options.
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A Gothic arch greenhouse








Slope-Sided


This type of greenhouse combines the best of both a conventional greenhouse and an A-frame for growing crops in the ground. In a slope-sided greenhouse, instead of the vertical walls of a typical kit-style greenhouse, the walls slope outward to give a greater growing area at the base. With the sloped sides, a large ground area can be covered, but because it has a conventional roof, the overall height of this type of structure is lower than that of an A-frame. If you plan to grow plants in pots on benches, this style is not as practical as a vertical-sided greenhouse because the sloped sides make it difficult to attach shelving and the shelving must be slightly smaller than the base area. For growing plants in beds, however, the slope-sided greenhouse covers slightly more area than either an A-frame or a vertical-sided greenhouse. To avoid the problem of moisture staying on the roof too long and contributing to the growth of algae and mosses, the roof slope should not be too shallow.
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A slope-sided greenhouse









TIP


When your greenhouse is closed, it’s important to use a fan to help circulate air, which prevents sooty fungus and other fungal problems that can develop on plants in stagnant-air conditions. In addition, the circulating air generated by a fan helps plants to “exhale” and get rid of toxic gases that hover over leaves in stagnant conditions.







Gambrel-Roofed


This variation on the vertical-sided greenhouse has a roof with two pitches, like a Dutch barn. This provides more headroom near the walls, which is helpful if you stand up and work against the walls to tend in-ground beds, for example. If you put benches against the walls, however, the gambrel roof offers no advantage over a vertical-sided structure.
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A gambrel-roofed model







Quonset, Hoop, or High-Tunnel


For a relatively inexpensive freestanding greenhouse that extends the season for two or three months, a plastic-covered Quonset or hoop house is ideal. This type of greenhouse covers the largest area for the least cost, and building one is relatively simple, depending on the materials you use. A commercial hoop house is likely to be made of galvanized steel arches with a plastic covering. The length of a Quonset depends on the number of hoops it has. In general, the hoops are spaced 4 feet apart, and any greenhouse length in 4-foot increments can be accommodated.


The lightest covering for such a house is 6 mil, construction-grade polyethylene. The problem with this material is that it is not UV stable: It degrades in sunlight and usually splits along the folds. Further, it cannot stand up to high winds. I’ve found that my hoop house with a polyethylene cover will not remain undamaged in winds of 40 to 50 miles per hour. Small splits in the covering can easily be repaired with duct tape or, for a more attractive finish, clear plastic weather-stripping tape. This tape does tend to crack after a couple of months, however. Where I live, close to the seashore, strong winds usually result in having to purchase a new cover. Winds aside, the cover will last for two seasons, but some growers find that polyethylene covers last for only one season. Usually, after two or three seasons, the material becomes brittle and breaks. If you use a polyethylene greenhouse cover, it’s best to replace it each season or at least every other season. The biggest benefit of polyethylene is its cost: A 14-foot by 40-foot-long hoop house can be covered for $50 to $100. There are some UV-protected plastic coverings that will last three or more seasons, but they’re not easy to find.


The next best hoop house–covering material is called Tufflite. Available from most greenhouse suppliers, it comes in several styles, some with UV blockers and some with an additive to prevent condensation (which drips on plants and may contribute to overwatering or disease). Tufflite costs about 20 percent more than polyethylene.


If you want a more rigid hoop house, you can cover a metal frame with thin polycarbonate that is bent to the curve of the greenhouse. Installing such a cover requires greater effort and costs more, but the longevity of this glazing is extended to about 15 years. On the other side of the coin, the cover cannot be easily removed in summer and installing it on a greenhouse frame necessitates some form of ventilation and shading. Because hoop houses that incorporate this material are based on commercial structures, they usually feature large double doors at either end, which, when left open, provide a great deal of ventilation.


I’ve found that one of the least expensive ways to build a small hoop house is to make hoops from 3⁄4-inch or 1-inch schedule 40 plastic water pipe and stretch polyethylene over this frame. (See the hoop house project in chapter 13.)


At the end walls of the greenhouse, I gather the polyethylene and staple it to old storm doors that I use for entryways. A tidier entrance at each end can be made from plywood sheeting fitted with storm doors. The total cost for a 14-foot-wide and 40-foot-long hoop house constructed in this way is about $150.
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A hoop or high-tunnel greenhouse







Geodesic Dome


Domes are interesting structures and have a terrific application as greenhouses, but they can be difficult to design and for glazing they require either custom-cut glass or plastic cut to size. Their overall advantages, however, often outweigh construction difficulties. A dome greenhouse can be a wonderful environment to enjoy just for its shape and area. The most common way to lay out a dome greenhouse is to set it up with growing beds around the edge; a wide, circular path about 4 feet in from the sides of the structure; and a central passive heat reservoir. This reservoir can double as a large fish tank to provide the benefit of fish waste to fertilize plants. For the height of the dome, the ground area is huge, but like slope-sided and A-frame greenhouses, bench area decreases with height and it’s difficult to add benches and shelving to the sloping walls.
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A geodesic dome greenhouse







Freestanding Build-Your-Own


The great thing about building your own greenhouse is that you can create any design or style you like. You can design it to match the style of your home or you can follow one of the plans in chapter 13, modifying it to suit your particular needs or weather conditions.


Many self-built, freestanding greenhouses have an insulated north wall to help reduce the effects of cold winds. Others have three insulated walls with only the roof and the south-facing wall made of transparent glazing. Some have an air lock — a small entryway between the door to the outside environment and the door to the greenhouse itself that reduces the likelihood of cold, outside air entering the greenhouse in the middle of winter — while others have garage doors to allow for driving a lawn tractor or larger vehicle into the greenhouse for winter storage.


Freestanding build-your own greenhouses can be erected on bare ground, on a foundation, on a concrete slab, or even on a wooden platform. The possibilities seem endless, with the size and style limited only by your imagination, budget, construction skills, and site.




Pit Style


Below the frost line, soil temperature remains fairly steady at about 50°F. The floor of a pit greenhouse is set below grade to take advantage of this phenomenon. Of course, this temperature isn’t warm enough to grow hothouse tomatoes or peppers or to germinate plants unless such a greenhouse is heated during the winter months. Most pit greenhouses contain benches or shelves to raise plants to a level where they can get a great deal of exposure to sunlight. Potting soil, seed flats, and tools are stored beneath these shelves.


Pit greenhouses, which may be freestanding or attached, can extend from 5 feet below grade to 3 feet exposed above grade but are most often 3 or 4 feet deep (below grade) so that tops of plant benches can be level with the bottom of the glazing. They tend to be expensive to build because their design requires excavation and the construction of a concrete retaining wall foundation to hold the soil in place. You can insulate the foundation, however, to help make it less expensive to heat. A pit greenhouse also requires the construction of a stepped entryway, and steps can be expensive to build, although I once built a pit greenhouse into a bank and used a conventional door at one end as an entryway.


Pit greenhouses can suffer from poor drainage, so you’ll need to make sure that the greenhouse site you select can be drained easily. If your greenhouse is to have electrical power, it’s not difficult to install a sump pump, although a natural drainpipe (see chapter 4, Ensuring Good Drainage) is much less expensive.


If you own property that slopes from north to south, perhaps you’ll want to install a semi-pit greenhouse. With this design, the back of the greenhouse is at ground level and is constructed of concrete block or poured concrete, and the entire front of the greenhouse is glass. This style makes use of the terrain to insulate and protect the growing area.
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A pit greenhouse











Advantages and Disadvantages of a Freestanding Greenhouse


ADVANTAGES






	It can be any shape or style.


	It can be sited anywhere on your property where it is sheltered from the winter winds, where the soil is well drained, and where it is easily accessible.


	It can be expanded as required. If you need more space or outgrow your current space, you can often buy or build additional length. Hobby greenhouses can usually be expanded in 2- or 4-foot sections. (Keep this in mind when choosing a location.)


	If unheated, it can provide a place for off-season storage of wheelbarrows, tools, and plant pots. By choosing your site carefully, you can hide the “detritus” or unsightly apparatus of your gardening enterprise. Of course, you can also grow plants in your greenhouse in the off-season.


	It can be as large as you like, while the size of an attached greenhouses is constrained by the building to which it is attached.


	It can be less expensive to build than a greenhouse attached to your home.


	It can be placed near the garden, making it easier to move plants in and out of the structure.


	It receives light all day long and by orienting the ridge east to west, it can be placed to maximize available light.







DISADVANTAGES






	Power and water will need to be brought to the greenhouse. This may require digging a ditch to lay a water pipe below the frost line or toting water and using an extension cord for electrical power.


	Heat loss is higher with a freestanding greenhouse because all four sides are exposed to the elements. You can cut down on heat loss, however, by insulating the north side of the greenhouse. You can also insulate the structure using bubble wrap or layers of polyethylene sheeting, but this quite drastically cuts down on the light levels in the greenhouse, leading to your plants suffering sunburn when you bring them outside in the spring.
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