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PREFACE



Being obsessed with plants by the time I was 18 years old didn’t exactly make me popular at parties. As my original plant friend, Carolyn, will tell you, the two of us could clear a room quickly once the surrounding college partygoers heard us talking about our cactus or cross-pollination. We just couldn’t help ourselves, and we’re still at it today. However, my status at The University of North Texas as one of only two students (at the time) concentrating in botany, my curious reputation as a gardener, and my college job as a garden-center employee made my phone ring a bit more frequently than my social status warranted. If only I had known I could have made some cash telling anonymous callers how to stop killing their closet so-called tomato plants. But I was never interested in what was actually growing in their closets. I was content to be knee-deep in my outdoor ornamental and vegetable garden, not to mention obsessed with an increasingly large collection of houseplants. But I’m glad those closet gardeners called, because it was the start of my horticultural consulting career—and, as it turns out, this book.


I spent my first two years of university life at UNT as an art major before I switched to biology and botany. As such, aesthetic considerations are infused into all my pursuits, even the scientific ones. The fusion of art and horticulture is natural. Growing plants and food indoors doesn’t have to be utilitarian; it can be a beautiful practice that blends into our living space and lifestyles. Within this book you’ll find examples and inspiration for your own attractive plant lighting.


As a graduate student at Michigan State University, my research focused on greenhouse production and flowering of perennial plants. Therefore, you will also encounter some science and math, which may seem a bit confounding at first. If you don’t need this information, feel free to skip it. If you have intensive indoor gardening goals, however, the more in-depth how-tos on measuring and calculating your indoor lighting needs will likely form the basis of your long-term success.


As it turns out, writing this book feels like I’m coming full circle to bring the closet garden to light. I hope this book encourages your interest in, and creates new possibilities for, growing plants where you once thought you could not. Perhaps you’re on a mission to grow more of your own food or medicinals, even if all you have is a kitchen counter, a guest room corner, or a small closet. You may want to extend your vegetable-gardening season by getting a jump-start on propagation or growing indoors off-season. Having control over your own food source is a powerful feeling. It’s good to eat fresh, hyperlocal, and clean. Or maybe, like me all those years ago, you have caught the plant-collecting bug and there just aren’t enough windowsills left in your home to feed your growing plant family. In any case, you’ve come to the right place.
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Some plants, such as haworthias, can survive in a windowsill.








INTRODUCTION



My window is bright enough, right? New indoor growers ask this hopeful question all too frequently. While many books and websites insist that you need only a bright window to get your tomato seeds going or your orchids reblooming, this approach can result in a lot of disappointment.


Ambient light levels inside your home are significantly lower in intensity and ultimately different in spectrum than natural outdoor light, especially during the winter months. Even a seemingly bright window may not provide enough light, or the right kind, for young seedlings or fruit-producing plants. Have you ever started seeds indoors in a sunny window, only to watch the tiny seedlings lean so far that they topple over? Perhaps you’ve tried some beautiful succulents and watched them do the same. Your plants are starving for, and stretching toward, the light.


There are plenty of low-light tropicals and blooming plants that you can grow successfully indoors with good ambient light, and you can maintain certain light-loving succulents for a while in a windowsill. But even a bright windowsill is typically not the right location for plants you intend to harvest for food. The same goes for heavy-blooming plants. Reproduction is an energy-intensive process. Producing flowers, fruit, and seed requires a lot of juice. Plants need enough light, and the right kind of light, to get the job done.


You may have learned that in your outdoor garden, plants that produce large fruit, such as tomatoes, require roughly double the duration and intensity of direct sunlight as plants that produce mostly foliage, such as leafy greens and lettuce. A plant’s heritage—that is, the geographical area where it naturally evolved—dictates its requirements for specific light intensity, duration, and spectrum to reproduce successfully. If you are going to invest time, effort, and money in indoor growing, quality supplemental lighting should be your number-one priority.


Before we draw up your shopping list of types of lamps and gear you should be using indoors, or determining how many lamps you will need for different types of plants, we must understand how plants use light; how to distinguish light quality, quantity, and duration; and how to measure each. Artificial lighting is complex, and there is a lot of misinformation in the marketplace, which can ultimately lead to wasted resources. To make good grow-lighting choices and produce better yields, it is necessary to grasp some basic botany and light science.


If you already garden outside, growing plants indoors under lights is a great way to supplement your efforts and extend your seasons and yields. If gardening indoors is your only option, grow lighting can transform your living and eating experiences and bring some much-needed nature into your home.
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Many plants will need extra light indoors.








LIGHT
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WHY PLANTS NEED LIGHT



Understanding how plants use light is crucial to learning how to grow them successfully, especially indoors. A bit of Botany 101 is a good starting place for all plant enthusiasts.


PHOTOSYNTHESIS


Photosynthesis is a reaction to a transfer of energy. Think of a plant’s leaves and green stems as light-energy collectors; nature’s very own solar panels. Plant appendages (and several types of microorganisms) use photosynthesis to convert radiant light energy into chemical energy. Light hits the surface of a leaf or a green stem, and specific cells convert the light energy into sugars. These sugars move around the plant, driving various biological functions. A major by-product of photosynthesis is oxygen; hence, we breathe.


When growing plants indoors, your goal should be stimulating and enabling successful photosynthesis. The amount and type of light you provide your plants will ultimately determine their success or failure. Depending on where you live and the time of year, the amount of sunlight penetrating your living room window or filling up your glass greenhouse likely won’t be enough to grow many types of plants in an enclosed environment.


Photosynthesis occurs only in the green portions of plants, such as stems and leaves. More specifically, it takes place within the chloroplasts of those plant parts. Chloroplasts are tiny structures inside a plant’s stem and leaf cells, like a cell within a cell. Chloroplasts serve as the plant’s kitchen and pantry, as they create and store all the needed pigments and food.


Chloroplasts are most likely alien to original plant physiology. Much like our own cellular mitochondria, the organelles we refer to as our cells’ powerhouses, chloroplasts were once likely autonomous organisms or bacteria found in the environment—until another organism absorbed them. This organism responded positively to the energy created by its new captive, and the two coevolved. Evolutionary theorist Lynn Margulis designed this idea of a beautiful, codependent, mutually beneficial relationship that is commonly referred to as the endosymbiosis theory.
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This philodendron leaf turns light into plant energy.
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Chloroplasts are the structures in plant cells responsible for photosynthesis.





CHLOROPHYLL


When light reaches a chloroplast, chlorophyll absorbs the pigment inside the chloroplast. What makes plants special is their ability to use this chlorophyll pigment to convert light into sugars to use as energy. On the light spectrum, chlorophyll absorbs and employs more red and blue light, leaving more of the green light to bounce back to the human eye. This phenomenon results in the green-colored appearance of most plants.
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Biological pigments create the rich colors of this begonia foliage.





Two types of chlorophyll are involved in photosynthesis: Chlorophyll A and Chlorophyll B. Chlorophyll A absorbs most of the usable light. Chlorophyll B is a yellow pigment that plays a supporting role by absorbing mostly blue light and transferring it to Chlorophyll A.


Carotenoids, flavonoids, and betalins are additional support pigments—sporting shades of yellow, orange, red, pink, and purple—that also absorb small amounts of light. These pigments are responsible for different colors throughout plant structures. As chlorophyll pigments break down in the autumn months in response to temperature and daylight changes, these carotenoid pigments become visible, resulting in the much-anticipated fall foliage show.
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Photosynthesis is the process by which plants use light to generate their own food.





While light is the key trigger and engine of photosynthesis, adequate amounts of water and carbon dioxide are also necessary to the process. For the plant’s powerhouses to operate properly, they need carbon dioxide from the air, water from the soil, and light energy from the sun—each in the right amount. If you restrict or eliminate any of these main ingredients, photosynthesis can be impaired or stop altogether.


During the first step of photosynthesis, when light is available, water molecules are split apart. When chlorophyll absorbs light it becomes charged, like a battery, which gives it the ability to split two water molecules (2H2O) into four electrons, four protons, and two oxygen atoms that combine to form O2, or oxygen gas. This is why we characterize plants as breathing in carbon dioxide and exhaling oxygen. There is a common misperception that plants convert carbon dioxide into breathable oxygen, but the water molecules supply the oxygen gas that plants release back into the atmosphere. The electrons and protons that remain are then stored in proteins within the cell and combined with carbon dioxide in the second step of photosynthesis to form the carbohydrates the plant burns for fuel.
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This plant ran out of resources and now it’s toast.





RESPIRATION


While respiration in humans is primarily an exchange of gases in the form of breathing, it is not the same in plants. The primary action of plant respiration is burning sugars generated from photosynthesis to drive growth and development. Basically, respiration is how plants burn calories. While photosynthesis can take place only when there is light, respiration occurs continuously in a plant, just like humans burn calories all the time. Your plants will burn energy even if there is not enough light, water, or carbon dioxide available. If those inputs remain limited or cease, eventually your plant will burn more energy than it can generate. This results in dormancy or death.


While plants can generate usable energy within their own bodies, they still rely heavily on many environmental conditions and inputs for photosynthesis to work as intended. When you grow plants indoors in an artificial environment, they become completely dependent on you to create favorable growing conditions and provide them with the right ingredients they need to thrive. As any good baker will tell you, finding the right balance of ingredients and technique takes practice, and every oven functions a bit differently. You will probably flatten a few soufflés—and kill a bunch of plants—before you learn to get it just right.





HOW PLANTS RESPOND TO LIGHT



Understanding how plants see light is the first step in making the right grow-lighting choices. While humans qualify light in terms of visual brightness, plants qualify it in terms of wavelengths, or spectrum.


TYPES OF LIGHT


Not all light is equal. Different types of light both drive and limit photosynthesis, change plant morphology, and influence flowering.


Photosynthetically Active Radiation


When a beam of white light hits a glass prism at an angle, it is then split into different wavelengths of color: violet, blue, green, yellow, orange, and red light. Each of these colors of light measures a different wavelength, falling between 400 nanometers (nm) (violet) to approximately 735 nm (red). This range of visible light is also the range used to fuel photosynthesis. This range of spectrum is known as Photosynthetically Active Radiation (PAR).


In the process of photosynthesis, the red and blue light spectrums most efficiently drive carbohydrate production in plant cells, but all PAR in the 400 to 735 nm range is useful for photosynthesis. PAR is not a measurement of quantity of light, but rather the quality of light. PAR tells you the color spectrum of light it delivers that your plants can use for photosynthesis.


PAR is made up of light particles, or photons, that will eventually strike a leaf’s surface. The leaf absorbs these photons in quanta. One photon equals one quantum of light.


You can think of light photons as having calories that plants use for energy, just as our bodies burn the energy delivered from calories in food. Different foods offer different amounts of calories, and so do different wavelengths of light. Light with a short wavelength and high energy (blue) delivers more calories to a plant than light with a longer, lower-energy wavelength (red).
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A prism splits full-spectrum light into separate color spectrums.







[image: Image]


Plants use light that falls into the 400 to 735 nm range for photosynthesis.





Therefore, lamps that emit only blue light, with its shorter high-energy wavelength, are the ticket to tons of giant tomatoes, right? Not so fast. Plants need only a small percentage of their light delivered in the blue spectrum to be able to grow and function well. Red light, despite its longer wavelength and lower energy value, is more efficient at driving photosynthesis than blue light. Cells, structures, and pigments (called cryptochromes) that are not involved in photosynthesis also absorb blue light and use it for other operations, such as opening and closing stomata, which are pores in plant leaves that allow for the exchange of water and gases. But only the plant’s chloroplasts that contain the chlorophyll, the pigment responsible for driving photosynthesis, absorb the red light photons. While red light may deliver less energy, the plant uses much more of it efficiently to fuel photosynthesis and produce sugars.
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This light-emitting diode (LED) lamp mixes only blue and red light, resulting in a pink-colored light in the growing area.





The spectrum of light an outdoor garden receives will vary according to geographical location. Sunlight that reaches areas north of the Fortieth Parallel contains more blue light, while sunlight at the equator delivers more red. The atmosphere absorbs light at different levels in each area.


You may have learned that plants don’t use any green light, that it all bounces off the plant and makes the plant looks green to the human eye. That is partly true, but it is a myth that plants do not absorb any green light photons or do not use them for photosynthesis. In fact, scientists currently believe that most of the green light spectrum is useful to plants for photosynthesis. It may be that plants have simply figured out a more efficient way to use green light photons, and absorb smaller amounts of it to get the job done. Studies have shown that green light is involved with seedling and leaf development, flower initiation, and plants’ use of carbon dioxide and water, and even plays a role in stem growth and height. Green light is not as energy efficient to deliver as red or blue light, but it is easier on the human eye. Green light makes it easier to spot problems such as disease issues or nutrient deficiencies because plants appear their natural color. Green light can also penetrate the leaf canopy more easily, meaning it can reach the lower leaves better than other colors of light. The addition of some green light could help keep the lower leaves on your plants photosynthesizing instead of dying and dropping off.
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A tomato plant growing exclusively under yellow-colored light emitted from a high-pressure sodium lamp.







[image: Image]


A tomato plant growing under white-colored light emitted from a compact fluorescent lamp.





Ultraviolet


Light that plants can use and humans can see is only a part of all the electromagnetic radiation that surrounds us. Wavelengths that measure below violet light, 100 to 400 nm, are invisible to the human eye and referred to as ultraviolet (UV) radiation. UV radiation does not provide much heat, but it can damage living organisms at the cellular level. The oxygen and ozone in the atmosphere absorbs most UV radiation, which is why ozone is so important.


Plants do not use UV radiation for photosynthesis, and it can cause cellular damage and plant death, but there are some benefits to providing small amounts. Cryptochromes absorb several wavelengths of UV radiation for various beneficial functions. UV damage to plants stimulates them to produce protective antioxidants, resins, oils, and other chemicals that give them flavor. UV light can also toughen up young seedlings so they can more easily transition to higher-intensity lighting without experiencing shock. Some grow lamps include the UV spectrum to boost nutritional value and flavor in edible crops.


If you use grow lamps that emit UV light and you’ll be working under or around them, be sure to take the same precautions you would if you were spending time in the sun, such as donning protective clothing and UV-blocking sunglasses.
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UV and infrared light fall outside the visible PAR spectrum.





Infrared


Radiation wavelengths that fall just above the red light spectrum are called infrared (IR), and this radiation is also not visible to humans. Yet IR radiation makes up about half the solar energy that hits the earth’s surface. You can’t see IR light, but you feel it as heat. Plants do not use IR radiation for photosynthesis, but it regulates other crucial growth and developmental changes in plants, known as photomorphogenesis. Some lighting systems emit IR at the end of a growing cycle to speed up plant growth and improve blooming.


Plant Biologically Active Radiation


Green plants do not use UV or IR light for photosynthesis, nor do they use radio waves or X-rays, wavelengths even further away on the light spectrum. But these types of nonvisible light do interact with other plant photopigments besides chlorophyll, and they are involved in important biological processes beyond photosynthesis. This wider range of spectrum between 350 and 800 nm is known as Plant Biologically Active Radiation (PBAR), but there are likely biological plant responses within a much larger range of 100 to 1100 nm.


PHOTOMORPHOGENESIS


Overall plant growth and development depends not only on the spectrum of light received, but also on the color combination, color sequence, and duration of each. Plants have evolved to employ finely tuned sensors to use different spectrums of light for different stages of growth and reproduction. Plants use light to regulate developmental stages (such as germination, rooting, stem elongation, leaf unrolling, flowering, and dormant bud development), which is known as photomorphogenesis.


Telling Time


For a plant to grow and bloom on schedule and in the right season, it must be able to tell time. A series of pigments and hormones regulates the time-telling function of photomorphogenesis. Plants produce chemical pigments, called phytochromes, that act as triggers. A blue pigment phytochrome, PR, absorbs and responds to red light. When PR is exposed to red light during the day, it converts into a secondary form of pigment called PFR. When PFR is present in the plant, it tells the plant to produce short, thick stems and determines its overall shape. The presence of PFR is also required to trigger flowering signals. PFR absorbs and responds to IR light over the course of the night. Plants use IR light to tell when it is night, and to determine how much uninterrupted darkness has occurred. In darkness with IR radiation, over time PFR will naturally convert back to PR. This cycle is comparable to the circadian rhythms that help our bodies know when it is time to sleep and rise. The balance of the two forms of phytochrome helps your plant develop properly and on schedule.


Some plant seeds do not germinate until they are exposed to red light. If you have ever tried to grow lettuce from seed, only to be disappointed when the seeds did not sprout, you most likely covered the seeds with soil and blocked them from the light.
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PR converts to PFR throughout the day as the plant is exposed to red light. In the dark, when plants can sense only infrared light, PFR converts back to PR.





Stretching


When plants stretch or grow toward the sun, also known as tropism, they are reaching for more blue light. When sun-loving plants grow in too much shade, their growth slows down and their internode length elongates. The plants stretch to avoid the shade so they can compete with surrounding plants and reach more light. This internode elongation occurs when the quantity of available light is reduced and the spectrum of available light changes. When blue light is limited or blocked (shade trees block out more blue light than red), it triggers this shade-avoidance stretching.
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This arrowhead plant, which sits about 5 feet away from a bright north-facing window, is stretching to reach more light.
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Some seeds, such as lettuce, require exposure to light to germinate.
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This LED lamp emits only blue and red nanometer specific light.





Red vs. Blue Light


Light-emitting diode (LED) grow-light technology allows you to narrow the spectrum of light you provide to just one color, referred to as nanometer specific light. You can purchase LED grow lamps that emit only a red spectrum of light or a blue spectrum of light (as well as other individual colors, such as orange and green). You can drive photosynthesis efficiently by using only blue and red light together.


While you can use red and blue light exclusively and successfully, only a few species of plants are able to grow well under only red or blue light indefinitely.


Blue light helps control excessive stem elongation, or stretching toward light. It influences how chloroplasts move around in plant cells and helps regulate stomatal opening. Blue light also increases antioxidant levels in crops such as lettuce. You can grow some crops (short-lived ones such as microgreens) using only blue light, which supports ongoing vegetative growth, but don’t expect any flowers in certain types of plants. Over the long term without any red light, however, plant leaves may eventually develop too small or become deformed, reducing photosynthesis and other functions.
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Oedema has become an issue on these pepper plants grown exclusively under high-pressure sodium lamps.





When you grow plants under only red light, they can put on additional leafy growth, or biomass. This is good for certain crops, such as lettuce. But as plants develop more leaves and other structures, they may not transpire properly or they can stretch, get too tall, or develop oedema (leaf blisters—a common issue in tomatoes grown under only red light) or other problems. If you grow your plants under only red light for too long, chlorophyll production can stop altogether, causing photosynthesis to cease. Plants may even flower too early under only red light in a final effort to reproduce before inevitable death.


You can grow certain quick-turn crops for short periods of time using single-band red or blue LED lamps. For example, if you’re growing lettuce plants in an enclosed space with artificial lighting, you can start them off using only red light, which causes the leafy greens to grow larger leaves more quickly. However, once the young plants begin to put on more growth, you will need to add 10 to 20 percent blue light to keep them from stretching.


While a little stretching should not concern you, too much can result in weak seedlings that topple over or puny stalks that cannot support flowers or fruits. If your plants are stretching too much, they are not getting enough overall light or they need more blue light.


However, if you want to graft your plants, you may want to encourage them to grow overly elongated stems. Crops such as tomatoes and cucumbers are often grafted onto hardier rootstock, and red and IR light are used to elongate the seedlings to make the grafting process easier. Another scenario for elongated stems is when you are readying a plant, such as cannabis, to flower. If you’ve been growing it under mostly cool blue light to encourage dense plants, you can then expose it to red light and IR radiation to begin elongation to make room for large flower buds.
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Seedlings growing under full-spectrum fluorescent lamps.





Mixing and Matching Light


Switching between color spectrums and types of lamps can help you influence plant-growth habit and trigger different stages of development. You can also mix and match different spectrums of light.


A good technique for most in-home growers is to start seedlings, cuttings, and young transplants using cool full-spectrum LED or cool full-spectrum high-output (HO T5) fluorescent lamps. If you’re growing fruiting crops, you can switch plants or lamps to a warmer spectrum (more red light) once you’ve bumped them up to larger pots to trigger stem elongation and flowering. If you need your plants to flower and they require a specific photoperiod to do so, they will require red light. If you’re growing certain plants under only red light, such as lettuce or impatiens, you may find that they won’t flower until you add in some blue light.


While this may seem complicated, switching or blending light spectrums is simple, even with basic setups. You can use LED lamps that produce a single spectrum of light, and LED fixtures also come in varying combinations of single spectrums. Some even offer the option within the same fixture to switch from blue only to red only, or to run them together, when you want to shift from vegetative to flowering.


Fluorescent grow lamps are also available in varying spectrums that you can switch out in your fluorescent fixture. You can mix fluorescent tubes of different spectrums in the same fixture to create your own light recipe. High-intensity discharge (HID) lamps are typically offered with specific PAR spectral range outputs, and you can switch plants between these lamps or combine two lamps to achieve your desired light mix.
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Cannabis plants in a vegetative state.





When I grow tomatoes indoors during winter, I start my seedlings under cool-spectrum HO T5 fluorescent lamps to encourage dense vegetative growth. Once potted up into a larger container, I move the transplants to a grow tent with a ceramic metal halide (CMH) lamp to continue growing them until harvest, or a grow tent with both a warm-spectrum high-pressure sodium (HPS) lamp and a cool-spectrum fluorescent or LED. Or I may grow the young tomato transplants in an open space under a large eight-lamp fluorescent fixture filled with cool-spectrum lamps. As plants grow, I replace half the cool-spectrum lamps with some warm-spectrum fluorescent tubes when I want to trigger more flowering. The switch takes about five minutes. If you use an LED fixture that allows you to use different colors of light within the same fixture, it is as simple as flipping a switch.
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Flower buds on cannabis plant.





Full-Spectrum Light


Full-spectrum grow lamps, whether they skew warm or cool, will emit some percentage of all colors of light within the PAR range. Cool full-spectrum lamps will still emit some red and yellow light, but less of it. Warm full-spectrum lamps will still emit some blue and green light, but less of it. No matter what type of lamp you choose, make sure it provides enough PAR for the type and amount of plants you intend to grow, and remember that you’ll get different results from different light colors.


If you’re using a complete self-contained in-house growing unit—like one that fits on your kitchen countertop or is built into a cabinet—the type of lighting and spectral shift will be preprogrammed, depending on the type of crop you’re growing. All you have to do is stare at your plants as they grow. (And keep them watered, of course.)
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This grow tent has two separate lighting sections: one with cool blue light for vegetative plants, the other with warmer red light for flowering.
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This grow tent blends blue and red light for growing plants start to finish.
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These bulbs are being forced under a mix of red, blue, and white fluorescent lamps.
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Lettuce, herbs, and other plants growing together under full-spectrum fluorescent lamps.






PHOTOPERIOD



We all need a good night’s sleep. Finding a balance between activity and rest is just as important to plants as it is to us. While there are general guidelines about the amount of sleep we should all strive for, not everyone thrives on the same amount or sequence. Plants are not so different. The length of time you leave your lights on is just as important as the type and intensity of light you provide. Many plants are photoperiodic, meaning they require different durations of light and darkness to shift into different phases of growth or development, such as producing flower buds or forming bulbs.


Home growers can use different regimens to manipulate light and trick plants into flowering and fruiting at abnormal times of the year, or to keep plants in a vegetative state. Learning your plants’ photoperiodic needs will help you determine the type of growing setup and lighting cycle you will need to provide.


Most plants require a minimum of 10 hours of light each day for active growth. While your plant might survive with less, it may go into a dormant state if you leave it at that photoperiod for an extended time. It’s best to set your lighting timers to a minimum of 10 hours. This is most important if the plants are growing in an enclosed environment without any exposure to ambient light in your home or extra light from a window.


Darkness


Not all plants have a photoperiodic requirement to flower. Geographical origin is the main determining factor. As you get further from the equator, climates grow colder and night periods get longer during the winter. As spring returns and days grow longer (and nights shorter), plants will be triggered to flower when environmental conditions are most favorable and cold temperatures do not threaten reproduction. Closer to the equator, plants evolved to respond to days and nights of almost equal length. Some plants may bloom whenever temperatures are ideal and rainfall is adequate, however, regardless of the duration of light or dark.


Photoperiodically, plants fall into three primary categories: long-day, short-day, and day-neutral. Plants that are not photoperiodic are day-neutral. In other words, long-day plants initiate flower buds when the days grow longer than their critical daylength. Short-day plants will initiate flowering when the days become shorter than their critical daylength. Biologically speaking, however, the opposite is true. It’s not the length of daytime, or light, the plants are responding to, but rather the period of uninterrupted darkness. The plant measures the amount of PR phytochrome in its system after a length of darkness. Therefore, long-day plants need short nights to flower, and short-day plants need long nights.


Think about how your plants flower in your garden. Plants that bloom only in summer, such as coneflower, are typically long-day plants; those that bloom only in early spring or fall, such as chrysanthemums, are typically short-day plants. Plants that can flower continuously through the growing season—such as roses, cucumbers, and tomatoes—are day-neutral.
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Fall-blooming garden mums respond to short days (long nights) to flower.
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Summer-blooming coneflower responds to long days (short nights) to flower.






Critical Daylength


When a plant has a photoperiod requirement to flower, it will also have a critical daylength, or period of darkness measured in hours, that triggers it to bloom after a vegetative or dormant phase. The critical daylength is the plant’s signal that it is safe to flower. When we expose a 12-hour short-day plant to 16 to 18 hours of daylight or artificial light, followed by 6 to 8 hours of darkness, it will remain vegetative and will not flower. When we expose this same plant to only 12 hours of light and 12 hours of darkness, however, it is triggered to flower. A long-day plant would behave in the opposite manner.


There is another way to trick your plants into flowering more efficiently. If you want to force a long-day plant into flowering faster without lighting it as long, use night-interruption lighting. A few short flashes of a very low level of red light in the middle of the night shorten the dark period, thus initiating the plant to flower without lighting it for a longer period through the day. This can help you save on lighting costs. You can trick short-day plants by delivering a single flash of IR light at the beginning of the plant’s dark cycle, when all other lights are off. Biochemically, this adds a couple of hours of calculated darkness by exposing the PFR phytochrome to more infrared radiation in the absence of red light. This approach, with short-day plants, allows you to extend the light period during the day to boost overall growth and yields. You can also reverse both of these methods to delay flowering.


Required Photoperiods


Photoperiodic plants fall into two subcategories: qualitative and quantitative. Plants that require a specific critical daylength to flower are classified as qualitative, or obligate. Without that exact amount (or more) of uninterrupted darkness, the plant will never flower.


Poinsettia plants are a classic example of a qualitative (obligate) short-day plant. They will not initiate flower buds until the dark period reaches around 11 hours and 45 minutes, depending on the cultivar. Flower initiation is optimal with a 14-hour period of darkness. Once the plant has reached the critical dark period, it can take anywhere from 8 to 11 weeks at that photoperiod to initiate flowering (which is known as the response time). Temperature also influences the speed of flower initiation during the critical dark period.


Poinsettias are very light sensitive. The 14-hour period of darkness must be uninterrupted, with no exposure to red light, or the plants will never flower or produce the bright red bracts we expect to see around the holidays. Just a single flash of light will restart the time clock and keep the plants in a vegetative state. This is why it’s so tough to get your poinsettia to reflower without a controlled growing space and specific lighting.
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The flowers and bracts of this white poinsettia are initiated by exposure to a specific short-day photoperiod.





Depending on your latitude in the Northern Hemisphere, you may be able to encourage a poinsettia to initiate flowering in September and October without special lighting. If your latitude does not produce a long enough dark night period naturally, you will have to provide it artificially. Many commercial growers turn out all those colorful poinsettias by blacking out greenhouses every night for exactly the right amount of time, until the plants initiate flower buds. When I was in graduate school, I spent many a day pulling black cloth by hand to control plant-lighting experiments. These days, most blackout operations are high-tech and automated. You could replicate this process in a sealed grow tent, but I advise buying new poinsettias each year instead.
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Manage your light period to keep lettuce and salad greens leafy and to prevent bolting and flowering.
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Getting cannabis to produce flower buds requires a strictly controlled lighting regimen.





Beneficial Photoperiods


Plants that do not require an exact photoperiod before they are triggered to flower, but will bloom faster or better with a specific photoperiod, are classified as quantitative, or facultative. Lettuce is a classic quantitative long-day plant. While you might start your tiny lettuce seedlings with a long photoperiod of 16 hours, if you continue growing them indoors you must reduce that lighting period to 12 to 13 hours after you transplant the seedlings into their final container. If you continue growing them with 16 hours of light, the plants may bolt and go to flower too early, ending your harvest.
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Cosmos flowers and leafy lettuce growing side by side under the same lighting photoperiod.





A quantitative short-day plant may bloom earlier or better if it has longer nights. A quantitative long-day plant may bloom earlier or better when given shorter nights. Both plants will eventually flower, however, even if the photoperiod is not ideal. If you’re growing different crops together, be sure to take into account their photoperiodic needs. Cosmos is a quantitative short-day plant. You can grow cosmos indoors with long daylengths, and after several months they will eventually flower. But if you grow them with short days and long nights, they will start flowering in just a few weeks. I like to grow cosmos indoors as a cut flower, so I plant it alongside my lettuce. By growing these two crops together with shorter daylengths—12 to 13 hours, versus the 14 to 16 hours you may use for tomatoes and peppers—I’m slowing down flowering in my quantitative long-day lettuce while speeding up flowering in my quantitative short-day cosmos.


Marijuana, Cannabis sativa, is a qualitative short-day plant. To remain in a vegetative state, plants require 16 to 18 hours of continuous light followed by 6 to 8 hours of uninterrupted darkness. Once you are ready to force them to flower, reduce their daylength to 12 hours, followed by 12 hours of uninterrupted darkness, for about two weeks.


Photoperiod also influences tuber and bulb formation in crops such as garlic, and there are other, more complicated photoperiodic requirements in plants, but understanding the basic classifications is sufficient for home growers.


You might wonder if keeping light on your plants 24 hours a day will help them grow faster or bloom better. While you can light young seedlings for 24 hours, as well as some quick-turn crops such as microgreens or whole heads of lettuce, long-term 24-hour lighting can be detrimental to many plants, or it is wasteful because certain plants won’t produce any better with 24-hour lighting than they will under less lighting. If your plant has a photoperiod requirement, it won’t flower under 24 hours of continuous light.


If you do not take the time to research your plant’s photoperiodic needs, you might be left wondering why it never flowers—or why it keeps flowering when you don’t want it to.
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You can use simple lamp timers or more sophisticated digital timers to turn your grow lamps on and off according to a set lighting schedule.

















	Examples of photoperiodic plants






	PHOTOPERIOD

	EDIBLE

	ORNAMENTAL






	qualitative (obligate) long-day

	chicory, cilantro, dill, endive, oregano, spinach

	bachelor’s buttons, fuchsia, gazania, lobelia, monkey flower, sweet pea, strawflower, certain hybrid petunias, such as ‘Purple Wave’






	quantitative (facultative) long-day

	beets, carrots, chard, lettuce, mint, peas, thyme

	ageratum, calendula, dianthus, pansy, grandiflora petunia, snapdragon, salvia, sunflower, viola






	qualitative (obligate) short-day

	cannabis, common bean, potatoes, sweet corn, sweet potatoes, strawberries; onions and garlic for bulbing

	African marigold, fuchsia, hyacinth bean vine, poinsettia






	quantitative (facultative) short-day

	potatoes, sweet corn, sweet potatoes, yams for root development

	cosmos, globe amaranth, moonflower, morning glory, zinnia
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